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tors determining the severity of pre- 
emergence damping-off, 1007 
nutrition to disease severity, 603 
of peach to mosaic, 934 
of Xanthomonas translucens to its hosts, 
1013 

of Puceinia eoronata to oats, 21 
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Lime, ealyx spray of apples, 1017 
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fungicides of, 1004 

toxicity of nicotiiiium derivatives to, 
1004 

Macrosiphum lilii, in transmission of Or- 
nithogalum mosaic, 498 
solanifolii, in transmission of Oriiitho- 
galum mosaic, 498 
vector of potato leaf roll, 935 
vector of tulip breaking virus, 737 
lilii, transmission of tigridia-mosaic, 595 
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secretum sp. nov. latent virus of dodder, 
88 

tabaci, inducing cell inclusions, 694 
tulipae, 742 
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New'hall, A. Cr., 92, (954) 


Phytopathology 


[VoL. 34 


xii 
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study in multiplication, 155 
glutinosa, Arabis mosaic virus on, 326 
cell inclusions in mosaic-infected 
plants, 694 

invasion of water-soaked leaves of, with 
virus, 252 

lovage virus on, (exp.), 338 
mustard mosaic in, 907 
tobacco mosaic virus on, 289 
virus transmission study with dodder, 
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langsdorf&j lovage virus on, (exp.), 338 
palmeri, susceptible to latent virus of 
dodder, 84 
tabacum, 500 

Arabis mosaic virus on, new, 324 
lovage virus on, (exp.), 335 
rustica, lovage virus on, (exp.), 338 
sylvestris, lovage virus on, (exp.), 338 
virus transmission study with dodder, 
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Nicotine injury in soybean, 257 
Nicotinium derivatives as fungicides, 1004 
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Nitrogen, compounds of reducing the tox- 
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of Puccinia oryzae, 441 
Nucleus, stain for Helminthosporium, 700 
Nutrients, in relation to the development 
of Puccinia graminis tritici, 998 
Nutrition, in relation to disease severity in 
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Oak, Chalara quercina n. sp., wilt of, 631 
wilt, significance, symptoms and cause, 
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Oats, brome-grass mosaic on, 993 
negative correlation between yield and 
size of pustules of crown rust of, 1011 
Phoma terrestris on, 129 
relation of seed quality to the develop- 
ment of smut, 106 

resistance to Ustilago levis and TJstilago 
avenae, 114 

in rotation with sugar beets, 805 
Oedema, of violet identified as scab, 992 
Olive, Cereospora fruit and leaf spot of, 257 
Olson, E., (753) 

Onion, guttation-salt injury on leaves of, 
436 

tree onion a carrier of yellow-dwarf, 506 
Ontogenic characteristics of TJstilago line- 
aris forma hordei, 1004 
Orange, control of orange decay with thio- 
urea, (exp.), 983 

Ornithogalum thyrsoides, mosaic on, 497 
mottle virus on, 720 

Oryzopsis hymenoides, Phoma terrestris on, 
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OXJ, S. H., 1010 


Palmiter, D. H., 1002 

Palustrex, use in control of crown rot of 
celery, 100 

Panicum spp., Phoma terrestris on, 129 
antidotale, smut-galls on, 143 
Pancratium maritimum, culturing of Macro - 
siphuni lilii on, 499 
Pansy, Ansatospora macrospora on, 99 
ringspot virus on, 74 
Papulospora sp., 47 

Parasitic races, of TJstilago crameri, 1052 
Parasitism, host-parasite relationship of 
Puccinia coronata and oats, 21 
of Ehizoctonia solani on beans, 1056 
Parris, G. K., 700 

Parsley, transmission of peach virus to, 
1006 

Parthenium argentatum (see Guayule) 
Partridge pea, stem and root rot, and an- 
thracnose of, 1077 

Pathogenicity, of Aphanomyces cochlioides 
on sugar beets, 485 
of Botrytis on vetch, 247 
Erysiplie graminis on wild and cultivated 
grasses, 1 

of Glonierella cingulata on Chamaecrista, 
1083 

of Macrophomina on Chamaecrista, 1079 
of a nonsporulating Basidiomyeete on 
grasses, 352 

of Ehizoctonia on beans, wounds in re- 
lation to, 1059 

Paxillus involutus, spore dimension to rate 
of fall, 231 

Pea, anthracnose of, 1010 
Cineraria virus on (exp.), 951 
lovage virus on, (exp.), 338 
resistance to near -wilt, 1013 
seed treatments, 753 
seed treatment for Aschochyta, 1007 
Peanut, in rotation for control of tobacco 
root-knot, 872 

hull, addition of in tobacco seedbed as a 
growth stimulant, 1002 
Peach, arsenical injury of, 763 
calico, 650 

mature fruit affected by leaf curl, 345 
method of inoculating with crown-gall 
bacteria, 764 
mosaic of, 907, 934 
dissemination of, 658 
prune dwarf on, 1037 
Taphrina deformans, mycelium in fruit, 
977 

transmission of virus from peach to her- 
baceous plants, 1006 

Pemphigus lactucae, vector in big vein of 
lettuce, 904 

Penieillium sp., associated with black scale 
of lily, 561 

on cotton seedlings, 864 
effect of, on plant pathogens, 760 
digitatum, green-mold decay of orange, 
983 

expansum, 47 

relation to seedling blight of flax, 1011 
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PentacJalorplieiiol, liOX3 twine treatment with, 
1008 

ill control of clubroot, 191 
Pepper, giittation-salt injury on leaves of, 
436 

in rotation for control of bacterial -wilt 
of tobacco, 875 
virus of, 991 
Perconia byssoides, 47 
Periwinkle, transmission of peach virus to, 
1006 

Peronospora parasitica, control of on cab- 
bage, 1000 
Persimmon wilt, 996 
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Pesticides, influence of guttation fluid on, 
196 

Petty, M. A., 993 
Petunia, guar lethal virus on, 998 
Phalaris arundinacea, Puccinia graminis on, 
306 

Pliaseolus vulgaris (see Bean) 
tobacco mosaic virus on, 289 
Phialea temulenta, blind-seed disease of 
grass, 934 

Phleum spp., Erysiphe graminis on, 10 
phleoides, Puccinia graminis on, 306 
pratense, blind-seed of, 935 
Phoma terrestris on, 129 
Phloem necrosis, histo-pathologie changes 
in elm by, 818 

Phoma, seed treatment of sugar beet for, 

935 

of sugar beets, controlled with vapor heat, 

936 

apiicola, 102 

betae, seedling blight of sugar beets, 
1012 

on sugar beets, 491 

terrestris on Gramineae in the Great 
Plains, 129 

Phomo|)sis citri, stem-end rot of orange, 
983 ■ 

Phosx)horus in urediospores, 29 
Photinia serrulata, 937 
Physiological races, culture races of Phyto- 
monas medicaginis var. phaseolieoli, 
variations in, 478 
determination in rusts of oats, 113 
Erysiphe graminis hordei, new race, 18 
Erysiphe graminis tritici, 2 
of Pusarium wilt of gladiolus, 273 
of Puccinia graminis tritici, in relation to 
wheat improvement, 1002 
and resistance in wheat, 886 
of IJstilago hordei, hybridization of, 993 
Physiological si^ecialization, of millet smut, 
1050 

of barley stripe influencing varietal re- 
sponses, 585 

of Pueeiiiia glumarum, 1020 
Physalis peruviana, severe-eteh virus on, 
289 

Physalospora, tucumanensis, host parasite 
relation to sugar cane, 827 
perfect stage of Collet otriehum falea- 
tum, 212 


Phymatotrichum omnivorum, 767 
Phytomonas carotae, as it affects carrot 
roots, 416 

juglandis, bacterial blight of walnut, 330 
blight of walnut, 933 
malvaeearum, testing resistance to, 235 
medicaginis var. phaseolicola, variations 
in symptoms of, 471 
michiganensis of tomato, 175, 394 
transmission of, 396 
pisi, blight of jpurj^le vetch, 933 
solanaceariim, 175 
wilt of tomato, 443 
vesicatoria, in New Jersey, 175 
punetulans, control of on tomato, 1009 
Phytolacca americana, latent dodder mosaic 
on, 908 

Phytophthora eapsici, fruit rot of tomato, 
845 

infection of tomato fruit, 813 
dreehsleri, root rot of guayule, 933 
fragariae, methods for testing strawber- 
ries for resistance to, 991 
richardiae, root rot of ealla, 979 
erythroseptica, pink rot of p>otato, 1010 
Phytotoxicity? of pyridine and quinoline 
derivatives, 1004 
Pisum sativum (see Pea), 24 
PiNCKARD, J. A., 1000 
Plakidas, a. G., 556 

Plantago major, suscejotible to latent virus 
of dodder, 84 

Plant diseases, quarantine jiroblems, 994 
Plant pathogens, effect of p)enicillin on, 760 
Plasmodio]>hora brassicae, control of on 
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INTRODUCTION 

Since the discovery of pathogenic specialization in Erysiplie graminis 
DC. by Marchal (12), inaiiy authors have contributed to our knowledge of 
the subject. Seven physiologic varieties of the fungus have been described 
on the basis of restriction of infection to the species of a given genus of 
grasses. Some of these physiologic varieties have been further subdivided 
into physiologic races distinguished by their ability to infect certain species 
or agronoinie varieties of species within a host genus. Powdery mildew of 
the cereals has been most comprehensively studied, but in most instances 
only a few grasses were tested in host range studies. Blumer (1) lists the 
pathogen on 76 species of 32 genera of the Gramineae, but cultures of the 
fungus from only 7 genera have been studied intensively. The present in- 
vestigation was undertaken primarily to determine the infection range of 
the fungus from other grasses. 

LITERATURE REVIEW 

The first cross-inoculation experiments with the Erysiphaceae were re- 
ported by Wolff (33). His inoculation of species of Liipinus and Trifolium, 
host plants of Erysiphe communis (E. polygoni), with E, grammis, and 
inoculation of grasses with E. communis gave negative results, according to 
Salmon (22). AVolff (32), hoivever, reported successful infection of wheat 
with ascospores of Erysiphe graminis from peritheeia formed on wheat. 

Marchal (12) reported the first positive infection from cross-inoculation 
experiments with Erysiphe graminis, and, on the basis of host specialization, 
distinguished the following 7 specialized forms : tritici on species of Trith 
cum, hordei on species of Hordeum, secalis on species of Secale, avenae on 
species of Avena and Arrhenatherum elatnis, poae on species of Poa, agro- 
pyri on Agropyron species, and hromi on species of Bromus, 

Erysiphe graminis tritici, as distinguished by Marchal, infected Triticum 
polonicum, T. spelta, T, turgidum but not Agropyron spp., Avena sativa, 
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Bromiis spp., Hordeum vulgare^ Poa spp., Secale cereale^ Triticiim dicoccumy 
T. dtirumy or T. monococcum. Marchal (13) reported further that asco- 
spores produced in perithecia obtained from Triticim vulgare infected T. 
vulgare but not Agropyron canimim, Avena sativa, Mordeum vulgare^ or 
Secale cereale. 

Marchal’s results were confirmed by Salmon (23), who states that wheat 
mildew could not infect Agropyron repens , Avena sativa^ Horde iim vulgar e^ 
or Secale cereale. Salmon (28) transferred wheat mildew to young plants 
of Hordeum silvaticum. Reed (16) pointed out that the Index Kewensis 
lists Hordeum silvaticum as a synonym of Elymus europaeus. Reed further 
states that plants resulting from a wheat x rye hybrid were highly resistant 
to Erysiphe graminis tritici and E. graminis secalis. Information on the 
reaction of wheat varieties is given by Reed (17), and, quoting from unpub- 
lished results (18), he states that wheat mildew infected different species of 
Aegilops. 

Reed (19) transferred wheat mildew to Aegilops aristata, A. micherij 

A. cylindrical A. Ugtcstica, A. spelioides, A. squarrosa L., A. triaristataf 
Triticiim dicoccum Schrank., T. dairum Desf., T. freycenetii Host, T. meyeri, 
T. monococcum L., T. polonicum L., T. spelta L., T. tkaoudar Rent., T. 
tumonia Schrad, T. turgidum L., and T. vulgare Vill. Both resistant and 
susceptible varieties w^ere found in the Triticum species. There was no in- 
fection of Aegilo2:)s ovata L., A. triticoides, Avena- sativa L., Brachypodmm 
distachyum Beauv., Hordeum vulgare L., Secale cereale L., or Triticum 
dicoccum. 

Mains (10) distinguished 2 physiologic races within Erysiphe graminis 
trilici, and discussed the reactions of many varieties of several species of 
Triticum. The following grasses proved very resistant to physiologic race 
1: Agrostis alia L., A. perennans (Walt.) Tuckerin., Agropyron cristatum 
J. Gaert., A. repens (L.) Beauv., Arrhenatherum elatvus (L.) Beauv., 
Bromus ciliatus L., B. erectus Huds., B. hordeaceus L., B. japanicus Thunb., 

B. mollis L., B. pumpellianus Schribn., B. secalinus L., B. tectorum L., Fes- 
tuca elaiior L., F. rulra L., Elymus canadensis L., E. condensatus PresL, E. 
strialus Willd., E. virginicus L., Hordeum juhatum L., H. murinum L., H. 
nodosum L., H. piisillum Nutt., Hystrix hystrix Millsp., Secale montanum 
Guss., and Sitanion hystrix (Nutt.) J. C. Smith. Also to physiologic race 
1, resistant and susceptible varieties were reported in Triticum vulgare VilL, 
T. spelta L., T. polonicum L., T. compactum Host, T. durum Desf., T. tur- 
gidum h., T. dicoccum Schrk., T. stramineum, and only resistant varieties 
were found in T. monococcum L., T. dicoccoidesj T. persicuniy and T. iimo- 
pheevL To physiologic race 2 Aegilops squarrosa L., and A. ventricosa 
Tausch. were moderately resistant, A. crassa Boiss., A. cylindrica Host, A. 
ovala li. and A. trmncialis lj. were very resistant, and several strains of 
Secale cereale and S. montanum exhibited no signs of infection. 

Schlieting (29) distinguished 6 races ot Erysiphe graminis tritici in 
Germany and another race that in all probability is undeseribed. These 
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differ from the two races of Mains. Roseiitiiiel (21) reported 5 races of E. 
graminis irif ici in Germany, but the differential varieties of Sehlictiiig were 
not tested. 

Marchal (12) found that Ergsiphe graminis hordei infected Eordeum 
liexasticlioiu H, jubadimij, II, )nHrinnmy II. nudiimj H. irifurcaium, H. vid- 
gare and H. zeocriton^ but not IL hulbosuni, II. maritmun^ or E. secojlmum. 
Also there was no infeetion of Agroj)gron caninnm, A. giganteum^ A. repens, 
Agrostis alba^ Aira mryophijUva, Alopccaru.s praicnsis, Andropogon iscJiae- 
mon^ Aiithoxanthum odoratiim, Arrhvnaiheritm elafiiis, Avena fatuay A. 
orientalis, A. sativa^ Brachij podium sglvaticum, Briza mediO:^ Bromms.ardn- 
ennensisy B. macrostacdujs, B. mollis, B. patulus, B. racemosus, B. secalim^ 

B. sterUiSy B. sqiiarrosus, Cjfnosurus crisfahis, Dacfglis glomemtay Des- 
cliampsia -flexmsa, Ehjmus arenarius, Fcsiiica elaiiory F. gigantea, F, ridbra, 
Holciis lanatusy Koehlvria crislafa, Lolium perenne, Melica ciliatay Milium 
efusiim, PJileum boehmeri, P. prafensc, PoO' anmiay P. midale^isisy P. 
nemoralisy P. pratensis, P. scrotina, P. trmdisy Secale cereale, Setaria viridiSy 
Trisetum fkwescens, Triticurn polonicumy T. spelta, or T. vidgare. 

Marchal (13) states that ascospores from perithecia collected on barley 
were able to develop on Eordeum distiehum, IL trifurcafum, H. mdgarey 
and E. zeocriton. 

Salmon (24) reported that ascospores from barley prodneed no infection 
on Avena sativay Secale cereals or Triticum, vidgare. With eonidia from 
Eordeum vidgare Salmon (25) infected Eordeum desepiens, E, distichony 
E. JiexastieJion, E. mlermseUuniy E. vidgare and E. zeocriton. A slight 
infeetion w^as obtained on E. hulbosum and H. maritim%tniy but no infection 
was prodneed on Avena saimiy Eordeum jubatuniy E. murinumy E. seca- 
linum, E. sylvaficum; Triticum^ vulgare or Secale cereals. 

Reed (16), by inoculation with eonidia from Eordeum vulgare, prodneed 
infection on Eordeum distieJion L., II. nudum L., S. steudeliix trifurcatum 
E. tefrasticJion L., and young seedlings of E. nodosum L. Negative results 
■were obtained on Aiaom sativa L., Eordeum bulhosum L., E. mariiimtmi 
Witli.yE. jubalunih., Triiicum dmoccawi Sehrank., T. durmn Desf., T. vul- 
gare Yill. a.iid Secale cereal e h. 

Montemartini (14) could not infect unspecified species of Avena, Eolcus, 
oi‘ Setaria eoiiidmiiumi Eordeum murm^^ 

Mains and Dietz (11) found resistant and susceptible varieties in Eor- 
deum deficiens, E. distichon, E. intermedium, and iff. vulgare. On the basis 
of host specialization they distingnished 5 physiologic races. In continua- 
tion of this line of investigation Tidd (30) described 2 additional races, i.e., 
races 6 and 7. 

Honecker (4, 5, 6, 7) has described 9 races ol Erysiphe gramkiis M 
for Germany. Comparison with American wvork is impossible, because 
Honecker did not use the same differential varieties of barley. 

Erysiphe goumiinis secalis was described by Marchal (12) as infecting 
Secale cereale and S. anaiolicum but not Avena sativa, Eordeum vidgare or 
Triticum vulgare. Also, Marchal inferred that there was no infeetion on 


4 Phytopathology [Vol. 34 

species of Agropyron^ Bromus or Poa. Marchal (13) reported that asco- 
spores of E. graminis secalis infected only Secale cereale. 

Keed (15) states that eonidia from Secale cereale infected S. anatolicum, 
8. cereale j and 8. montanum but not Avena sativa, Bromus mollis, Bac- 
tylis glomerata, Pestuca elaiior, F. heterophylla, Glyceria fluitans, Hordeum 
vulgar e, H. jithadum, Lolium perenne, Phletom pratense, Poa compressa, P. 
pratensis, P. trivialis, P. nemoralis, Secale dalmaticum, or Triticum vulgare. 

Treboux (31) reported that eonidia from Secale cereale infected 8. 
cereale but not Hordeum vulgare or Triticum vulgare. 

Mains (9) discovered several strains of Secale cereale that were resistant 
to Erysiphe graminis secalis. 

ErysipJie graminis agropyri is described by Marchal (12) as occurring 
on species of Agropyron. Conidia from Agropyron giganteum and A. 
repens would not infect barley. This specialized variety would not infect 
Avena sativa, Bromus spp., Hordeum vulgare, Poa spp., Secale cereale or 
Triticum vidgare. 

Salmon (27) states that eonidia from Agropyron repens infected A. 
caninum, A. repens, and A. tenerum, but there was no infection of either 
A. acuHim or A. glaucum. 

Comparable results were obtained with Erysiphe graminis avenae by 
Marchal (12), Salmon (23, 27), and Eeed (19, 20), with E. graminis poae 
by Marchal (12), Salmon (27), and Beed (15), with E. graminis hromi by 
Marchal (12) and Salmon (23, 26), and Erysiphe graminis from Dactylis 
glomerata by Salmon (27). Marchal (12) states that Erysiphe graminis 
from Holcus lanatus and FesUica pratensis would not infect Horde%im 
v%ilgare. 

The literature records to date indicate that the physiologic varieties of 
Erysiphe graminis are mostly restricted to the species of one genus. The 
only exceptions have been slight infections by Erysiphe graminis tritici on 
Hordeum sylvaticum {Elymus europaeus) by Salmon (28) and on species of 
Aegilops by Beed (19), slight infection of Arrhenatherum elatius by 
Erysiphe graminis avenae by Marchal (12) and Beed (18) and slight infec- 
tion of Hordeum sylvatic%mi {Elymus europaeus) by Erysiphe graminis 
hordei by Salmon (25). The following results indicate that this concept of 
extremely narrow specialization is mostly erroneous. 

MATERIALS AND METHODS 

Three hundred seventy-two accessions of the grass and cereal species^ 
listed in table 1 were used. Fifty to 100 seeds were planted in 3i-inch pots 
containing a mixture consisting of 1 part peat, 1 part sand, 3 to 4 parts 
sterilized soil and a small amount of commercial fertilizer. The plants thus 
obtained were maintained in a separate greenhouse free from mildew and 
formed a stock supply of seedlings. Since the grass species vary in rate of 
growth, this method is necessary in order that seedlings of all species be 
3 Hitchcock (2) was followed in the classification of the grass species where possible. 
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available for inoculation at a given time. Some grass species must be re- 
planted occasionally to provide a constant supply of young seedlings. For 
inoculation with a mildew culture 5 to 25 seedlings of each grass were trans- 
planted to 2i-inch pots. Such sets were transferred to separate greenhouse 
compartments where cultures of the fungus were maintained. 

The scattering or dilution method described by Mains (8) and Tidd (30) 
was used to obtain highly pure and probably, in most eases, single-spore 
cultures. This purification was done after a knowledge of pathogenicity of 
the bulk culture was obtained. 

The writer employed the following method of inoculation : In order that 
the spores may not be dispersed by air currents, the plants on which a mil- 
dew culture is being maintained are placed for 24 to 48 hours in a glass- 
covered chamber (8). Under these conditions a large quantity of conidia 
accumulates. The inoculum is collected at midday by lightly tapping the 
leaves, allowing the masses of conidia to fall into the lower half of a Petri 
dish. The spores are then floated on water and poured into a 250-cc. flask. 
The amount of water added is estimated by the number of plants to be inocu- 
lated. The aqueous spore suspension in the flask is thoroughly agitated and 
applied by an atomizer. Many spores are deposited in each water droplet 
on the leaves. The plants are then covered for 24 hours with wet muslin 
cloth supported on a wire frame. This method has given uniformly good 
results. All leaves of all plants can be inoculated easily. On susceptible 
grasses 6 to 8 days after inoculation numerous infection areas are produced. 
It has the further advantage of not distributing spores into the air to the 
extent produced by the dusting method. The leaf areas resulting from new 
growth developed between the inoculation and recording of notes show no 
infection. Cloths, atomizers, and glassware used in inoculations were 
sterilized between cultures. 

During the course of the investigation results in variance with those of 
previous workers were obtained with certain cultures. These results were 
verified under conditions that exclude the possibility of foreign contamina- 
tion in the following manner. Seeds of the plants in question were planted 
in 3-|-inch pots filled with the soil mixture described above. Glass lamp 
chimneys with the top end covered by two layers of light muslin-cloth were 
then pressed down a short distance into the soil inside the pot and the seed- 
lings grown inside the lamp chimneys. These glass covers (8) were re- 
moved only when inoculations were performed, and then only for a few 
seconds while conidia were transferred by a scalpel to the leaves of plants 
to be inoculated. These plants were grown in a separate greenhouse free 
from mildew-infected plants, and the inoculum was brought into the isolated 
culture house in a covered Petri dish. 

Notes were taken 7 to 10 days and 14 to 18 days after inoculation. Two 
readings proved desirable, since the inoculation sometimes produces consid- 
erable initial infection of a higher degree than will persist. The conidia! 
suspension method provides a very heavy inoculation, and it is nearly impos- 
sible for a grass to escape the inoculation. 
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The five types of reaction of Mains and Dietz (11, p. 231) were employed. 
The symbols + and - were used to further indicate the degree of sus- 
ceptibility. 

Field observations of the reaction of seedling and adult plants of the 
grass accessions were found useful in the selection of mildew cultures for 
study. Many of the grasses used in this study are represented in the obser- 
vational row nurseries of the Soil Conservation Service at Pullman, Wash- 
ington. During the summer months of 1939, 1940, and 1941 at Pullman, 
the writer recorded observations on mildew reaction of many of the grasses 
being studied. From these data it was possible to select, efficiently, mildew 
cultures for study and to obtain a better understanding of greenhouse tests. 
A grass pathology nursery including all of the grass accessions being studied 
was maintained at the Botanical Garden of the University of Michigan. 
This nurseiy proved to be an excellent source for mildew cultures and for 
mildew observations. Mildew cultures w-ere purposely selected for study 
which appeared to be different by field observations. 

RESULTS 

In table 1 are summarized the results of inoculations of grasses and 
cereals with 8 cultures of Erysiphe gramims. Details of significant results 
with each culture are discussed below. 

Culture 18. On Secale cereaUj from Yakima, Wash. 

Culture 18 was almost completely restricted to Secale cereale. The only 
other infection was a very resistant reaction on Agropyron spicatiim. The 
infection results reported for msmy grass species represents the first large 
scale, negative evidence yet presented for the fungus from rye. 

Culture 2. On Triiicum aestivum, from Ann Arbor, Mich. 

This culture produced very unusual results. Infection was produced on 
a number of grass species of several genera, all in the tribe Hordeae. A 
very susceptible reaction was recorded on Aegilops crassa, A. cylindrical 
Agropyron striatnm, Elymus condensatns and E, junceus, and a moderately 
susceptible reaction was exhibited on Aegilops triuncialis, Agropyron 
inerme, A. spicaium, Elymus canadensis^ E, dahuricus, E. triticoides, 
E: glaucuSy E. sihiricus and Sitanion hystrix. Also, a moderately resistant 
reaction was recorded on Agropyron spicaium, Elymus glaucus and Sitanion 
julatum. Such a wide infection range for wheat mildew is in direct contrast 
to all previous records, since Aegilops embraces the only species outside the 
gQim^Triiicum that have been reported infected by wheat mildew (10, 19). 

Culture 2 does not differ from physiologic race 1 of Mains (10) on the 
basis of the following reactions of two differential wheat varieties : very sus- 
ceptible — ^Malakoff C.I. 4898, and highly resistant — ^Axminster C.I. 1839. 
Mains reported the reactions of the largest number of grasses to wheat 
mildew prior to the present study, and, except for a few species of Aegilops, 


TABLE 1.- — Sv/mmary of infection experiments with accessions of grasses and cereals tested to eight cultures of Erysiplie graminis 
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all the wild grasses were highly resistant. Some of the grasses tested by 
Mains were represented also in the present study, and all were highly re- 
sistant to culture 2. Thus, the results of culture 2 show that where a com- 
parison is possible the results are comparable with those of Mains (10). 
Furthermore, with the exception of Aegilops, if those grasses susceptible to 
culture 2 had not been tested, the results woidd be, in fact, a confirmation 
of previous conclusions about narrow host range. Of course, it may be that 
the wheat mildew tested by the writer was different from that tested by all 
previous workers. However, since culture 2 did infect species of Acgilopn, 
Agropyron, Elymus, and Sitanion, it is necessary to make adjustments of the 
previous concept of the pathogenic potentialities of wheat mildew. It also 
adds emphasis to the necessity of testing a large number of accessions of 
many grass species, if a better knowledge of pathogenicity is to be obtained. 

Culture 3. On Hordeum vidgare, from Ann Arbor, Mich. 

Culture 3 did not produce unusual results on barley varieties. Reac- 
tions of barley varieties were as follows : highly resistant — ^Arlington C.I. 
702, Hanna C.I. 906 ; very resistant— Duplex C.I. 2433, Goldfoil C.I. 928, 
Heirs Hanna C.I. 682, 244 C.I. 1021; moderately resistant— Black Hull- 
less C.I. 666, Common Chile C.I. 663, Lynch C.I. 919, Nepal C.I. 595; mod- 
erately susceptible— Coast C.I. 276, Oderbrucker C.I. 940, Peruvian C.I. 
335; very susceptible— Horsford C.I. 877, and Malting C.I. 1129. 

For the first time infection by barley mildew is reported on grass species 
outside the genus Hordeum. To culture 3 there developed a moderately 
susceptible reaction on Agropyron intermedmm and A. trachycmdum, & 
moderately resistant reaction on A. striatum, and a very resistant reaction 
on A. spicatum and Elymus glaucus. These results, which record infection 
of species of Agropyron and Elymtis by barley mildew, are in disagreement 
with all previous published records. Marchal (12) obtained no infection 
on any wild grass species except Hordeum, but his results included onlv one 
collection for each of the following species: Agropyron caninum, A. qi- 
gmteum, A. repens ^ and Elymus arenarius. If the few wild grass species 
^ susceptible had not been tested, the remaining negative results 

wou d have confirmed the concept of previous workers that the specialized 
races of Erysiphe gramims were restricted in infection range to the species 

of a mngle genus. Apparently, insufficient collections of grass species were 
tested in previous studies. 

L obtained with culture 2 from wheat and culture 3 from barley 

show that these mildew cultures can infect wild grasses. Since some of the 

Ssrof wb T and very susceptible reactions in the 

Srlv m T moderately susceptible reactions in the case of 

barley mildew, the results suggest that these mfidews might be discovered 
eventually on wild-grass species. The mixed cultures studied from Aqro 
pyron repens and Elymus dahurieus present such situations. 
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Mixed ciiltiire on Agropyron repens, from Yakima, Wash. 

Tlie iiioeiilation results proved interesting, since in addition to infection 
of many grass species, 2 varieties of barley (Horsford C.I. 147 and Malting 
C.I. 326) showed a very susceptible reaction after inoculation with conidia 
from tlie bulk culture on Agropyron repens. The infection of these barley 
varieties by conidia from A. repens was verified in 3 additional tests under 
conditions that excluded the possibility of foreign contamination by employ- 
ing the glass lamp-ehimney technique. The mildew on barley was increased 
and designated culture 7. As will be explained in greater detail, culture 7 
had a narrow host range on wild grasses and, besides barley, infected chiefly 
Agropyron repens^ the original host. The other portion of the mixture, 
designated culture 6, had a wide host range, and many wild-grass accessions 
were available by which it could be separated from culture 7. 

Culture 6. On Agropyron repens, from Yakima, Wash. 

Culture 6, an Agropyron mildew isolated from a mixed culture on A. 
repens, as described above, proved to be the most aggressive mildew culture 
studied, both in number of grass collections infected and in severity of the 
attack. All collections of all species of Agropyron exhibited some degree of 
susceptibility to this culture. Furthermore, infection was produced on 
Aegilops cylindrica, Elymus canadensis, E. condensatus, E. dahuricus, E. 
glauciis, E. jimceus, E. canadensis var. roiustus, E. sibiricns, E. triticoides, 
E. virginicus var. glaibriflorus, Hystrix pahda, Sitanion hystrix and S. 
jiihatiim. Such a wide infection range greatly conflicts with the concept 
that Agropyron mildew infects only species of Agropyron, which was estab- 
lished by Marchal (12) and has not been contested heretofore. Culture 6 
is perhaps different from all the other Agropyron mildews studied by pre- 
vious "workers. MarchaPs studies contain only a few species of Agropyron 
and no species of Aegilops, Elymus, Hystrix or Sitanion. Since the work 
of Marchal (12) and Salmon (27) represents the only information available 
oil Erysiphe graminis from Agropyron, it appears that the long-held ideas 
about pathogenicity were probably based on insufficient data. 

Culture 7. On Hordeum vulgare by infection with conidia from 
Agropyron repens from Yakima, Wash. 

This culture originated on Agropyron repens, but was multiplied on 
barley varieties. Reactions of differential barley varieties were as follows : 
very susceptible — ^Arlington C.I. 702, Goldfoil C.I. 928, Horsford C.I. 
147, Malting C.I. 326, Peruvian C.I. 925 ; moderately resistant — ^Black Hull- 
less C.I. 666 and Nepal C.I. 595. 

The only wild grass exhibiting any appreciable susceptibility to culture 
7 was the accession of Agropyron repeals from which it originated. If it 
were not established by these experiments that culture 7 had its origin 
on Agropyron repeals there would be no hesitancy in referring it to Erysiphe 
graminis hordei. Since culture 3 from Hordeum viclare infected certain 
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accessions of grass species in the genera Agropyron and ElymttSy it seems 
logical that ‘^barley mildew” should occur on such wild grasses under nat- 
ural conditions. It could be interpreted that culture 7 represents a barley 
mildew occurring on Agropyron repeats. Further evidence in support of 
this contention is the observation that there was a light infection of Erysiphe 
graminis on cultivated barley plants in the field adjacent to the plants of 
Agropyron repens on which culture 7 was originally collected. Culture 7 
produced very striking results on barley varieties. The ver}^ susceptible 
reaction on the variety Arlington C.I. 702 distinguishes cultitre 7 from all 
described races of barley mildew in the United States. This discovery of a 
new race of Erysiphe graminis occurring on Agropyron repens, but capable 
of infecting barley, increases considerably the significance of the results 
showing that barley mildew can infect wild grasses under both natural and 
artificial conditions. 

Mixed culture on Elymus dahuricnSy from Ann Arbor, Mich. 

A vigorous culture of Erysiphe graminis on Elymus dahnricus was 
brought into the greenhouse from the writer ^s grass-pathology nursery at 
the University of Michigan Botanical Garden. An inoculation of grasses 
and cereals provided unusual results. Infection was produced on both 
wheat and barley, as well as many species of Aegilops^ Agropyron, Elymus, 
Hystrix, Hordeum, and Sitanion. 

These results demonstrated that either there was a mixture of mildew 
races on Elymus dahuricus, or that there existed a race of Erysiphe graminis 
on Elymus dahuricus that could infect species of all these genera. Two iso- 
lates of this bulk culture were studied. 

Culture 10. On Triticum aestimim, from Ann Arbor, Mich. 

Culture 10 originated from infection on wheat (Malakoff C.I. 4898) by 
conidia from the mixed culture on Elymus dahuricus. The infected wheat 
plants were isolated in a separate greenhouse. This culture was maintained 
by transfers of conidia to fresh wheat seedlings at 2-week intervals. 

Inoculation of grasses and cereals with culture 10 resulted in the infec- 
tion of many grass species in the genera Aegilops, Agropyron, Elymus, 
Hystrix, Sitanion, and Triticum (Table 1). Reactions of differential wheat 
varieties were as follows: very susceptible — ^Malakoff C.I. 4898; moderately 
resistant — ^Axminster C.I. 1839. The reaction on the latter variety was con- 
fined to the first leaf sheath. Thus, culture 2 from wheat and culture 10, 
which infects wheat but came from Elymus dahuricus, infect many of the 
same grass species ; but culture 10 infected many more collections of grass 
species than did culture 2. 

Culture 11. On Elymus dahuricus, from Ann Arbor, Mich. 

Culture 11 was isolated on Agropyron desertorum, which had been in- 
fected with conidia from the bulk culture on Elymus dahuricus. Only a 
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iiioclerately resistant reaction on Agropyron desertornm resulted from inocu- 
lation with this euitiire. However, a few eonidia were transferred to Elymus 
daJniricKs, and the la^sultin^* infection provided a more vigorous culture with 
abundant sponilation for inoculation purposes. 

Prom the results in table 1 it is seen that culture 11, an isolate from 
dalno'icHs, was capable of infecting only species of Agroinjron and 
Elymus, Agroypron species were found to be more favorable for the de- 
velopment of culture 11 tlian were species of Elymus^ both in number of 
species and degree of suscc^ptibility. More species of Agropyrony however, 
were tested than of Elymus. 

Culture 13. On Elymus mtidensafuSy from Pullman, Wash. 

This eulture v-as started from dry leaf material sent by George W. 
Fischer, who obtained the inoeuium from this grass growing in the Soil 
Conservation Service nursery at Pullman, Wash. Results of inoculations of 
grasses and cereals with this eulture, multiplied on Elymus condensatuSy 
are given in table 1. Culture 13 produced some degree of infection on nearly 


TABLE 2 . — Sum mar u of the reactions of accessions of cereals and other grasses 
to 8 cultures of Eriisqdie graminis 


Grass aeeessions 

Cultures of Erysiphe graminis and source genus 

s? 

c 

fel 

TrUimim 

Agropyron 

Agropyron 

Secale 

23 

Elymus 

Elymus 

3 

2 

6 


18 

10 

11 

13 

Types of reaction 

Aegilops cylhulrica 219^ 

Ob 

3-4 

3 

c 


0 

0 

0 

Agropyron cristatiim 153 

0 

0 

2+ 

0 

0 

2+ 

0 

2— 

Agropyron desert or um 151 

0 

0 

3-4 

0 

: 0 

3- 

2— 

0 

Agropyron inerme 108 

0 

0 

2+ 

0 

0 

3 

t 4 

3 

Agropyron repcns 150 ' 

0 

0 

3-4 

0 

0 

2— 

3-4 

0 

Agropyron repcns 370 



4 

3 



i 


Agropyron sihiricuni 142 

0 

0 

2-3 

0 

0 

i 2- 

0 

1+ 

Agropyron smithii 152 

0 

0 

2-3 

0 

0 

0 

3- 

2— 

Agropyron spicat uni 130 

2— 

3 

4 ^ 

0 

0 

3 

4 

2+ 

Agropyron tracli If caidum 121 

0 

0 ! 

2-3 

0 


0 

1 

0 

Agropyron track ycaulum 134 

3 

0 

2-3 

0 

0 

3 

2— 

3- 

My nms canadensis 162 

0 

3 

1-2 

0 


3- 

2+ 

2+ 

Elymus condensatus 164 

0 

0 

2-3 

0 

0 ' 

3- 

2- 

3- 

Elymns dahuricus 176 

0 

3 

4 

0 

0 

3 

4 

2- 

Elymus glaucus 173 

0 

2- 

0 

0 


1+ 

0 

0 

Elymus junceus 168 

0 

4 

4 

0 


4 

2- 

2— 

Elymus triticoides 174 

0 

3 

3 

0 

0 

0 

0 

0 

Elymus virgmicus 214 

0 

0 

2-3 

0 


0 

2— 

4 

Hordeum mdqare QAaltmg C.I. 1129) 

4 

0 

0 

4 

0 

0 

0 

0 

Eystrix patuia 252 



3-4 

0 

0 

2-3 

0 


Secale cereale 371 

0 

0 

0 

0 

4 

0 

0 

0 

Sitanion liystrix 179 

0 

3 

4 

0 

0 

2- 

0 

1- 

Trifie/im aestivum (Malakoff C.I. 4898) 

0 

4 

0 

0 

0 

4 

0 

0 


a Accession numbers given to grass collections by the writer, 
b For explanation of these types of reaction see under Materials and Methods, 
c A blank indicates no test was made. 
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all species of Agropyron midi Elymus tested, and a very resistant reaction 
developed on Sit anion hystrix. Cultures 11 and 13 from species of Elymus 
are quite comparable in several respects. They infect species of Agropyron 
and Elymus, and the conidia of the two cultures are somewhat smaller than 
those of other cultures infecting grasses in the tribe Hordeae. Cultures 11 
and 13 show a similar brownish color of their mycelia not observed in the 
other cultures. They, however, can be easily distinguished by differences 
in reactions of several grass accessions (Table 2). These two Elymus mil- 
dew^s differ from each other, but are closely allied and distinct from all other 
cultures studied. 

In table 2 are given significant reactions of certain grass accessions and 
cereal varieties to the 8 cultoes. 


DISCUSSION 

The results of this investigation demonstrates that the infection range 
of no culture of Erysiphe graminis here reported is restricted to the species 
of one genus. Erysiphe graminis hitherto has been divided into specialized 
varieties, each considered as limited to species of a single grass genus. 
Only a few instances of infection of species in closely related genera have 
been noted. The infection of species of Aegilops with wheat mildew by Reed 
(18, 19) and Mains (10) was not stressed because of the close relationship 
of Aegilops to wheat. The infection of Arrhenatherum elatius with oat mil- 
dew by Marchal (12) w^as confirmed by Reed (19). Reed assigns no impor- 
tance to this fact heamse Arrhenatheriim is taxonomically closely allied to 
Avena. The other and even more extraordinary example is the infection of 
Hordeum silvaticum (Elymus europaeus) wdth wheat mildew reported by 
Salmon (28). On the basis of the results of the present study the impor- 
tance of the few records of infection of species of more than one genus by a 
given culture of Erysiphe graminis as noted by previous investigators ap- 
pears to have been dismissed too lightly. 

The 8 cultures of Erysiphe graminis described in this study have been 
shown by infection experiments to be pathogenically distinct. The differ- 
entiations were possible on the basis of the type of reaction produced on a 
group of grasses and cereals. 

On the basis of the old concept holding that specialized varieties of 
Erysiphe graminis were restricted to species of a single genus, one would be 
justified in concluding, for example, that all races of E. graminis on species 
of Agropyron would be Erysiphe graminis agropyri. The results of the 
present study demonstrate that this is not necessarily the case.' It might be 
Erysiphe graminis tritici, E. g. hordei, E. g. agropyri, E. g. elymi, or a 
mixture of these ^^specialized varieties.’^ All of the above named varie- 
ties^^ also could occur separately or as a mixture on certain species of 
Elymus, 

The possibility of hybridization between different pathogenic races dur- 
ing the initiation of the perithecial stage is presented, since races that 
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attack Triticum., Eorcleum, Agropyron and Elymus can occur together on 
the same plant of certain species of Agropyron and Elymus. Furthermore, 
because wheat and barley mildews are shown to infect grass species, wild 
grasses must now be considered in the epiphytology of the disease on cereals 
as sources of primary infection and perennial stations for the fungus. These 
statements are given considerable emphasis by the fact that a culture that 
could be classed as a new race of Erysiphe graminis hordei was isolated from 
Agropyron repens collected at Yakima, Wash., which produced a very sus- 
ceptible type of infection on the barley variety, Arlington C.I. 702. This 
barley variety had been resistant to all 7 races of Erysiphe graminis hordei 
described for the United States by Mains and Dietz (H) and Tidd (30). 

None of the cultures reported in this study can fulfill the requirement 
that a given specialized variety infects species of only one genus. However, 
if the descriptions of the various specialized varieties were emended to in- 
clude the new infection results, most of the cultures could be assigned to 
previously recognmed varietal names. Thus, culture 3 would be referred to 
Erysiphe graminis hordei^ culture 2 to triticif culture 6 to agropyri, and cul- 
ture 18 to secalis. What, then, about the nomenclature of culture 10, which 
is comparable to wheat” mildew but was isolated from Elynms dahnrtcus 
and culture 7 which is comparable to ''barley” mildew but isolated from 
Agropyron repens f Do these cultures represent "wheat” and "barley” 
mildews on Elymus and Agrop/yron, or Elym^ls and Agropyron mildews in- 
fecting wheat and barley, respectively, or are they races not to be identified 
specifically as either gross or cereal mildew "varieties”? Cultures 11 and 
13 might be considered as two races of Erysiphe gramims elymi^ which was 
proposed as a morphologic variety by Homma (3) based on slight differences 
in conidial measurements. 

This type of classification would still tend to obscure the pertinent 
points of new" information, namely, that none of these cultures is restricted 
to species of a single genus, that several cultures overlap in host ranges, 
and that it is possible for 2 or more races, comparable to varieties of pre- 
vious workers, to occur together as a mixture on certain wild-grass host 
plants, thus presenting the opportunity for hybridization between races. 
The use of varietal names may continue to be useful despite the difficulties 
that accompany their application in the instances described. It does not 
seem advisable to attempt a reclassification of the varietal system until more 
information is available. 

Wide differences occur between the host ranges of the various cultures. 
Culture 6 from Agropyron repens infected the largest number of grass col- 
lections and species, including at least some degree of infection on all collec- 
tions of all species of Agropyron. The rest of the cultures provide a 
gradating series of degrees of specialization down to culture 18 from Secale 
cereale, which besides this species produced a very weak infection on Agro- 
pyron spicatnm. 



18 Phytopathology [Vol. 34 

All cultures reported here were collected from grasses in the tribe Hor- 
deae and produced infection only on species in this tribe. 

This study also has demonstrated that dilferent strains within grass 
species vary considerably in reaction to Erysiphe graminis. These differ- 
ences are of importance in the selection of economic grasses for disease resis- 
tance. Some grasses were outstanding for their resistance, the most note- 
worthy being Agropyron iracliycmilum (183, 184, 185),^ Ely mils virginiciis 
var. iniermedms (208), E, canadensis (163), E. glauciis (172), Hordenm 
nodosum {ll'i) , Eolium mnltifiorum (158) Mid L. perenne (157). It must 
be remembered that these two species of Loliiim might be susceptible to a 
mildew race from LoUuni or from other grasses as yet not studied, and the 
other resistant^' grasses may be susceptible to other races of Erysipl%e 
graminis. 

In the studies of powdery mildew of wheat and barley, genetically uni- 
form agronomic varieties have been available as differentials to distinguish 
the different pathogenic races. Pe^v genetically selected strains of wild 
grasses are available at present, and most grass-disease investigations must 
employ variable collections of grass species. This is exemplified by the great 
variation of reaction to powdery mildew of plants within certain grass col- 
lections used in this study. 

SUMMARY 

Three hundred and eighteen accessions of 108 species and 9 varieties of 
wild and cultivated grasses of the genera Aegilops^ Agropyron^ AgrosUs, 
Alopecimis, Arrlienaiherum, Avena, Bechmannia, Bronms, Bactylis, Des- 
cl'iampsia, Elynms, Festuca, Holcus, Mordeimi, Hystrix, Koeleria, Lolium, 
Millium^ Phalaris, Phlenm^ Poa, Polypogon, Puccinellia, Siianion^ and 
Trisetum, as well as 15 varieties of Hordeum vulgare, 1 of Secale cerealcj 
2 Qf Triticum aestivum and 1 of Avena sativa were studied in regard to their 
reaction to 8 cultures of Erysipke graminis. 

In contrast to the previous concept of restriction of infection to a single 
host genus all the cultures studied produced infection on species of two or 
more genera. 

Powdery mildew from wheat and barley infected wild grass species. 
Cultures comparable to wheat and barley mildews were isolated from nat- 
urally infected plants of Elymus dahuricus. 

A virulent culture isolated from Agropyron repens infected the previ- 
ously resistant barley variety, Arlington C.I. 702 and could be classified as 
a new race of Erysipke graminis hordei 

Differences in reaction of strains within grass species were demonstrated 
in nearly every instance where infection was produced on a grass species 
containing more than one accession, and in a few instances differences in 
reactions of individual plants were found within accessions, thus affording 
an opportunity for selection for resistance. Several accessions of economic 
grasses have shown notable resistance to all of the cultures. 

^ Accession numbers given to grass collections by the writer. 
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INTRODUCTION 

Since 1705, when Tournefort (34), before the Academie Royale des 
Sciences, described parasitic molds as the cause of plant diseases and dis- 
criminated between those molds that obtain nourishment from living entities 
and those that thrive by inducing decay of inanimate materials, the problem 
of the relationship between host and parasite has been the object of no little 
study and speculation. We shall briefly recount the more important efforts 
to resolve that problem, a subject that can now be considered as a whole in 
the light of convergent cytological and eytochemical techniques. 


BEVIEW OF LITERATURE 


In 1886, de Bary (6) published his classical paper on the parasitic 
behavior oi Sclerotinia lihertiana Fckl. He proved to his own satisfaction, 
at least, the presence of an active entity in the extracts of parasitized tissues 
of certain host plants subjected experimentally to the fungus. This entity 
or principle he found capable of inducing the disease effects he described. 
When he boiled the extracts containing this principle he succeeded in de- 
stroying its potency ; whence his conclusion that the effect produced by this 
agent on the host-cell walls under its impact was none other than that of 
an enzyme. 

We next find de Bary’s deductions essentially confirmed by Marshall 
Ward (35), who, in a notable paper read before the Royal Society in London, 
concluded by way of summary that “all the evidence points to the existence, 
in the cells of the fungus, of enzymes or toxins, or both, and in the cells of 
the host-plant of antitoxins or similar substances, as the decisive factors in 
infection or immunity.” He is frank to admit, however, that up to that 
time he had failed to isolate any such bodies. 

Again, the facts as disclosed by de Bary w’ere substantiated by Biown 
(9), who prepared from the germ tubes of Botrytis cinerea Auct. a markedly 
active extract. This he found capable of attacking and decomposing a 
variety of vegetable and fruit tissues and equally active in its effect on the 
leaves and floral organs of many plants, and the stems and leaves of nu- 
merous succulents. Heating at 60-70° C. effectively destroyed the extract. 
The author failed to separate the enzymic from the toxic principle, though 
he tried in various ways to do so. 


1 Formerly, Principal Pathologist, Bureau of Plant Industry, XT. S. Pepaitment of 

AgricHlture, Washington, U. 0. . . ^ tt • -x tt • -x 

2 Member of Faculty, Department of Botany, Louisiana State University, University, 

Louisiana. 
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Stakmaii (29), after eomi)aring* the sequence of events in the infection 
of two varieties of Tritieum, the one (Minn. 163) susceptible, the other 
(Khapli) resistant to Puccinia graminis tritici Eriks, and Hemi., concluded 
that resistance to the rust is due to physiological incompatibility between host 
and parasite, a question calling for an answer through biocheiiiical investi- 
gation. Later, the same author (30) states that the hypersensitiveiiess of 
the host seems to be common to plants that are somewhat resistant to P. 
graminis tritici and to those that are nearly immune from this rust. This 
hyperseiisitiveness becomes manifest very soon after fungal invasion of the 
host cells, and in some instances is visible even before such invasion occurs. 

Reed and Crabill (25) observed in their studA^ of cedar rust of the 
apple that an occasional rust-infection court died out at the center. They 
Avere of the opinion that this condition could be explained on the assumption 
that a deleterious product of the fungus diffused into cells adjacent to the 
invading hyphae and killed them before the fungus actually reached them. 
The rust organism, being an obligate parasite, is unable to grow in these 
dead cells j accordingly, its further progress is stopped. Thus, a seemingly 
paradoxical situation arises here. That is to say, the hypersusceptibility 
of the host is responsible for the death of the parasite. 

In her study of infection phenomena resulting from invasion of Kanred 
wheat by a weakly virulent physiologic race of Piiccmia graminis tritici ^ 
Allen (2, 3) observed that the cytoplasmic envelope of a growing haustorium 
of the invading mycelium disappears rapidly. This she interprets as a 
possible yielding by the fungus of some substance into the host cell. She 
observed that this contact between host and parasite was accompanied by a 
chemical change, but was unable to determine Avhether such change was 
due to the ^‘mere physical presence of the haustorium or to some substance 
diffusing from it. ’ ’ Any attempt to disclose the basic facts underlying the 
true nature of rust resistance by commonly accepted cytologic technique 
cannot prove otherwise than unsatisfactory. It is too easy to mistake mere 
artifact for the actual and characteristic. Any interpretation of what one 
may, therefore, observe as having taken place in fixed and stained infected 
or other tissue as compared with the intravitally stained tissue cannot be 
other than an approximation of the truth. 

Rice (27) , in her studies on the nature of rust parasitism, concludes that 
the intrusion of the haustorium induces offensive action’’ by the host 
nucleus. Again, she refers to Allen’s (1) description of the relationship 
of the fungus to its resistant host as a ^%ost-nuclear offensive,” w^hich, as 
she interprets it, is indicative of a chemotactic response to substances that 
diffuse out into the host cell from the haustorium. The reaction manifested 
by the invading fungus she interprets as induced by secretion from the host 
cells. Sappin-Trouffy (28) is of the opinion that through contact of the 
fungus haustorium and the host nucleus the invading parasite takes up 
certain products of host-cell metabolism. As to what these products are or 
how they become available to the parasite he does not say. 
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Pady (24), in his consideration of infection in Gymnoconia interstitiahs 
(Schl.) Lag-h., calls attention to the amonnt of inycelinm within the leaf 
tissues of Eutus prior to formation of hanstoria, and infers that some 
nourishment must derive directly to the fungus from the host cells with 
which the hyphae of the invading organism are in intimate contact. Thus 
does he add the weight of his opinion to that of other students of host- 
parasite relationship ; but we are, up to this point, busy with spade work 
necessary to the disclosure of the means and modus operandi necessary to 
the establishment and maintenance of such relationship. 

Ward (36) was the first to demonstrate experimentally the dependence 
of plant rusts on carbohydrates or on certain intermediate products of 
photosynthesis elaborated by their hosts. He proved, for example, that the 
mycelium of Puccinia gluniarum (Schm.) Eriks, and Henn. would suc- 
cumb to starvation in wheat leaves kept in an atmosphere void of carbon 
dioxide. 

Mains (22) demonstrated experimentally the relation of light and carbo- 
hydrates to cell respiration of certain rust-infected plants. In his investiga- 
tion of the carbohydrate relationship he found that in the absence of either 
light or carbon dioxide the growth of Puccinia coronata Corda or P. sorgJii 
Schw. was retarded or stopped altogether because of dearth of carbohy- 
drates. When he supplied these in the form of sugar solutions, P. sorgJii 
resumed growth, even in the dark, on corn seedlings deprived of their 
endosperm. 

A year later Dufreiioy (14a and b) published his observation on the 
accelerated transpiration and fatty degeneration of tissues affected by rust. 

Arthur et al. (4) incline to the opinion that the rust fungus gains access 
to the host cell through a minute pore in the cell wall effected through an 
enzyme brought to bear on the cell wall at a point of contact between the 
haustorium mother cell and the host cell. They refer, too, to the delicate 
balance’' that apparently is established between the rust organism, on the 
one hand, and the host cells of a susceptible variety or species, on the other, 
with a consequent increase in size of the host nuclei of attacked cells and an 
accelerated metabolism in such cells. Rust-resistant plants show no such 
balanced behavior. Biochemically considered, as we shall presently see, 
they cannot. 

Certain contributors to our knowledge of rust-infection phenomena, 
notably Beauverie (7) and, more recently, Thatcher (31, 32), have empha- 
sized the evident infiuence of an active parasite on the ‘‘antibiotic struggle” 
that characterizes the host-parasite relationship. 

Beauverie (7) is convinced that the destructive action of the parasite 
brings about a perturbed osmosis. The fungus, having penetrated the host 
tissue, takes up water, and the more so when its fructification is externally 
apparent, a stage of fungal development marked by a heightened respira- 
tion. All this results in a concentration of the cell sap and a dehydration 
of the cytoplasm. He states further that the fungus may exert an indirect 
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action, ie.j secrete some diastases, under whose influence such large-molecule 
substances as starch, albumins, etc., are split into smaller molecules, more 
numerous, and crystalloid. There follows a marked increase in OsSmotic 
pressure. 

Thatcher (32) demonstrated that in the germ tubes and. haustoria of 
Uromyces fabae (Pers.) de Bary on Pisum sativum^ TJ. caryopliyllimis 
(Schrank) Wint. on Dianthus caryophylkis, Botrytis, and Scleroiinia 
sclerotiorum (Lib.) Mass., the osmotic pressure registered by the fungus 
was greater than that of the host, thus confirming MacDougaPs (16) obser- 
vation of the same phenomenon in his study of induced parasitism. 
Thatcher proved by means of permeability measurements of the tissue of 
rust-infected and noninfected plants that rust infection is attended by in- 
creased permeability of the plasmatic membrane of the host cells. This 
increased permeability he is inclined to attribute to some secretion from 
the rust fungus. On this observation Thatcher has based his hypothesis 
that ‘'even an obligate parasite causes certain substances to leach from 
the host cells in its vicinity. ” It is his opinion that this hypothesis permits 
the extended survival of parasitized cells commonly observed among plant 
rusts. He suggests further (32) that the greater osmotic pressure of the 
parasite enables it to acquire water from contiguous host cells and that 
increased permeability makes available to the parasite those cell solutes 
to which the plasma membrane is no longer semipermeable. The author 
states further that this change in permeability is not the only physiological 
modification of the host cell essential to rust nutrition. He does not, how- 
ever, suggest that dextrose is the source of the carbon utilized by the 
rust fungi. 

More recently, Thatcher (33) states that his observation of living sec- 
tions of rust-infected tissue over a period of several years has convinced 
him that extracellular rust enzymes may have a pertinent relationship to 
such differences in host response as characterize the mesothetic reaction. 
Ill several instances he observed extracellular fatty materials, which he 
interpreted as a sequel to rust invasion. Also, from time to time he had 
noted evidence of changes in the hydrophily of the host protoplasm. These 
several observations, “considered in relation to the universal secretion of 
enzymes by parasitic fungi and to the supposed nature of the plasmatic 
membrane, ^ ^ led him to conclude that there probably is some truth in the 
suggestion that the “rust fungus secretes at least two enzymes,” one a 
protease and the other an enzyme capable of splitting lecithins from 
lecithoproteins, in short a “lipase.” 

MATERIALS AND METHODS 

The investigation here considered was confined to crown rmt (Pticcinia 
coronata), eultuxed in field and greenhouse at Louisiana State University 
in 1942 and 1943. Inoculations in the greenhouse were made with uredio- 
spores of physiologic race 1, obtained from Beltsville, Maryland. Because 
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of their several types of specific response to infection by this physiologic 
race, young plants of the following oat varieties were inoculated on Novem- 
ber 4, 1942, under nearly identical conditions: Bond, Victoria, Rainbow, 
Markton, Richland, and Bond x D69. Similarly, seedling plants of these 
same varieties were inoculated in December, 1942, and in January and 
February, 1943. 

Tangential freehand sections of host tissue from immediately beneath 
the rust sorus were immersed in saline or sucrose solutions containing 0.1 
per cent neutral red for vital staining. Other and similar sections were 
immersed in a saturated solution of 2-6 dichloroquinone imide in a 0.2 per 
cent solution of sodium barbiturate buffered at pH 8.6. Still other sections 
were immersed in a 0.01 per cent solution of para-phenylenediamine chloro- 
hydrate, and some in a molybdenum reagent (H2SO4 20.8 cc., diluted by 
adding distilled water to 250 cc.) in which was dissolved 6.41 g. of ammonium 
molybdate. To 5 cc. of this was added, at time of application, 1 cc. of the 
following: 5.75 g. of sodium bisulphite in 85 cc. of distilled water + 0.5 g. 
l-amino-2-napthol-4-sulf onic acid + 5 cc. of a 20 per cent solution of sodium 
sulphite. 

The convergent use of these techniques gave a good picture of the com- 
parative behavior of the phenolic compounds, of the polyphenol oxidases 
(as evidenced in decompensated respiration), and of the distribution and 
relative dispersal of the phosphorus compounds in the resistant or sus- 
ceptible varieties of oats. 

Of the reagents employed, the molybdenum proved most valuable, as 
the blue phospho-molybdenum compound forms almost instantaneously 
where phosphorus is free and more slowly where the phosphorus is more 
firmly bound into nucleoproteins, phosphorylated sugars, and lipoproteins. 
Thus, by means of the microscope, a proper idea of the dispersal of such 
compounds in rusted tissues was obtainable from sections of host material 
that had been immersed for stated periods of time ranging from a few 
seconds to several hours. 

This same reagent also affords a picture of the oxidizable polyphenols 
in the tissues— one that conforms to the pictures obtained through the use 
of the para-phenylenediamine or the ehloroimide reagents. Here, again, in 
all cases, the expression of the definitive coloration at the site of oxidizable 
phenols required from a few minutes to hours or even a few days. It was 
found advantageous, when sections had to be examined repeatedly for days, 
to preserve them in the refrigerator between periods of examination. The 
stock solutions of the reagents also were similarly stored. 

CYTOLOGICAL CONSIDERATIONS BEARING ON THE VACUOLAR SYSTEM 
OP THE HOST-PLANT CELL 

The response of the host-plant cell infected by a rust fungus may vary 
all the way from abrupt structural changes, resulting in sudden death, such 
as characterizes hypersensitivity flecks, to a progressive evolution of cell 
constituents, giving the host cell and its parasite the mutual benefit of a 
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long survival. When the leaf tissues contiguous to the infection court 
remain green, while the rest of the leaf becomes yellow, the infected cells 
even may enjoy a prolonged life. 

Those two extremes of host response and all intermediate aspects can 
now be interpreted cytochemically in the light of recent knowledge of the 
interrelationship between the respiratory systems of the living cell and its 
eytological structure. 

The ability of a parasite to thrive in the tissue of its host has been corre- 
lated (20, 21, 32) with its higher osmotic pressure: the 24 per cent solution 
of sucrose, which plasmolyzes the cells of the oat plant proximate to the 
court of infection, does not plasmolyze the hyphae of Piiceinia coronata nor 
the host cells that lie beyond the court of infection. 

This plasmolysis of affected cells, followed by deplasinolysis on pro- 
longed immersion in the sucrose solution, has been interpreted as evidence 
of increased permeability.’’ But the vacuolar solution in the cells about 
the court of infection, where plasmolysis may be observed, shows other 
changes besides those aseribable to reduced osmotic pressure : 1. The vacuolar 
solution in these cells tends to become dispersed into numerous vacuoles 
differing not onl}^ in shape but also in the nature of their vacuolar solution. 
This dispersal of the vacuolar solution was recently considered by Eeed and 
Dufrenoy (19) in that part of their paper devoted to cell secretion. 2. 
Coacervation, according to Dobry (13), intervenes as a limiting factor, so 
affecting the osmotic pressure as to render it almost nil. Coacervates of 
differing composition may coexist within the cell without any interfering 
osmotic phenomena. Through coacervation, cells may store substanees in the 
liquid state where they remain available for metabolism, although they are 
as effectively protected, physicochemieally, as though they were in a solid 
state. The vacuolar compounds that most directly pertain here are mono- 
phenols such as pyridoxin (vitamin Be), dipheiiols (catechol), and oxidation- 
polymerization products. Normally, there is present in the vaeuolar solu- 
tion of the guard cells of the stomata and in that of the intervening 
epidermal cells of leaves of the oat varieties Victoria, Bond, etc., a eoinpound 
that stains an intense blue with 2-6 dichloroquinone imide. In the other 
cells the compound may be too dilute to give a perceptible color reaction 
within the vacuolar solution, but becomes perceptible when coacerv^ited, 

Plasmolysis does not actually afford a way of measuring ‘ ‘ osmotic pres- 
sure ’ ’ in the vaeuolar solution, as the osmotic pressure computed from the 
freezing point of expressed sap may be significantly lower than that calcu- 
lated from plasmolysis. There exist within the living cell, besides the 
physical forces that play as osmotic pressure, some forces pumping water 
into the vacuole, from outside the cell, in the same way that there are forces 
active in the absorption of solutes. These forces involve an expenditure 
of energy. That energy is furnished by respiration— more precisely, by that 
specific part of respiration linked up with the cell structure and dependent 
upon the integrity of that structure. Commoner and Thimann (12) empha- 


].944] Humphrey and Dufrenoy : Host-Parasite Eelationship 


27 


sized the interrelationship of the auxin action and cell respiration in the 
utilization of malic acid during growth of the coleoptile of oat seedlings, but 
present no data to account for the forces coneeimed in cell expansion. 
Berger and Avery (8), on the other hand, found in the coleoptile a number 
of the eomponents of the Szent-Gyorgyi-Krebs respiration phosphorylation 
cycle, among which malic dehydrogenase was i3roininent. 

The mechanism concerned in the transfer of energy from the oxidative 
to the assimilatory process appears to be a phosphate cycle with storage of 
the energy as phosphate-bond energy, and its release by subsequent splitting 
of the phosphate esters (23) . 

The phosphorus linkages opei^ate in dehydrogenase systems whose ac- 
tivity is seemingly dependent on the cytological structure of the cell. The 
decline or ^ ‘ phospholyse ’ ’ of the phosphorylated cytological constituents 
becomes evident in ^^fatt}^ degeneration’^ of and the advent of myelin figures 
in the cells (Pig. 2, ap). 

Following the course of one-half the glucose passing through this cycle, 
five '^energy-rich phosphate bonds” may be derived, two on the fermenta- 
tion pathway of the glucose passing from glucose to pyruvate; two as 
acetylphosphates, with oxidation of the two alpha-keto acids (pyruvic and 
keto glutarie) ; one with Kalckar’s enol-phosphate, found on oxidation of 
fumaric or malic acid (15). Therefore, the transfer of one mole of triose 
through the cycle involves about one energy-rich phosphate bond for each 
of the six primaiy dehydrogenations. 

Kespiratory processes in the cell involve a series of phenomena : (a) 
phosphorylations; (b) oxidations or dehydrogenations of the phosphorylated 
metabolites; (e) synthesis of giucids from the products of the dehydrogen- 
ations, at the expense of the energy thereby liberated ("Pasteur reac- 
tion”) (15). 

Synthesis of giucids evidencing the Pasteur reaction may explain how 
concentration of sucrose may increase in parasitized tissues, or how starch 
becomes synthesized where it would not normally occur, or it may account 
for an increase in osmotic pressure. 

Prom the time of Lavoisier the fundamental question as to how atmos- 
pheric oxygen, at relatively low temperature, acquires the property of 
perfoimiing the work of partial and complete oxidation has claimed the 
attention of both physiologists and chemists. 

The experimental and theoretical study of catalytic auto-oxidation 
brought to the fore the "activation” of molecular oxygen, either (a) by 
addition to a nonsaturated system, or (b) by the activating influence of a 
metallic catalyst. 

The first possibility involves oxidases or substances of nonsaturated 
character that absorb molecular oxygen and, in part, utilize it in the oxida- 
tion of other materials in the process of metabolism. 

Simultaneously, hydrogen peroxide is produced by the hydrolysis of 
those primary oxides, and, by means of peroxidases, is activated for the 
purpose of oxidation. 
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Oxidases perform, not as catalysts, but as oxidizing enzymes, substances 
that undergo chemical change. For instance, we cannot dissociate ^^poly- 
phenol oxidases from the polyphenols while being oxidized (dehydrogen- 
ated) to quinoids. 

The second possibility involves metals that can exist either as ous or ic 
compounds. 

Iron, long ago (1705), was detected in the ash of plant tissues. Almost 
simultaneously it was found in chemical solution in plant tissues; but it 
took two centuries for iron to be recognized as the active group of cyto- 
chrome oxidases or of hydrogenases. 

Hydrogenase is an iron compound active in the ferrous, but inactive in 
the ferric form, and behaving as the cytochrome-like ^ ^ Pasteur enzyme^’ (17). 

There are two ways of blocking the oxidations in the cell : either by re- 
placing competitively the oxidizable metabolite by an unoxidizable com- 
pound (such as KCN), or by replacing O 2 by a nonoxidizing agent (such 
as CO). 

As to hydrogenase activity, the importance of the phosphorus relation- 
ship is twofold, ie.y in the phosphorylation of the coenzyme and in the 
phosphorylation of the hydrogen donor. 

Dehydrogenases are dehydrogenating enzymes, activating hydrogen in 
phosphorylated glycerol or glyceric acid. The action of dehydrogenases is 
followed by that of the co-dehydrogenases, which transfer hydrogen. Fol- 
lowing the discovery of these agents, it became clear that oxygen uptake is, 
to a marked degree, independent of CO 2 formation; hence, we can conceive 
of compensated vs. decompensated respiration, not in terms of O 2 /CO 2 
balance but in terms of reversible vs. irreversible dehydrogenations of 
metabolites. 

The need of a coenzyme for the lactic, malic, and beta-liydroxybutyric 
dehydrogenases has been known since the systematic study of their prop- 
erties. 

Following is the structural formula for coenzyme I, diphosphopyridine 
nucleotide. (See Ann. Rev. Bioch. 10 : 230. 1941.) 



I 
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Those dehydrogenases needing a eoenzyme for their activation are 
inhibited by nucleotidases, which liberate inorganic phosphorus from the 
phosphorus linkages. 

Examination of those substances that are oxidized in the cell discloses 
the fact that, in general, they are such as undergo the chemical changes 
involving loss of hydrogen in dehj^drogenation) concomitantly with 

the building up or breaking down of energy-rich phosphorus linkage. 

Phosphorus is the biochemical element par excellence. Phosphorus 
mirabilis,’’ as soon as it was discovered, attracted the attention of Huygens 
in Prance, of Boyle in England, of Leibnitz in Germany. Since then its 
biochemical prominence has become progressively evident, and in the study 
of our present problem we shall focus our discussion on phosphorus linkages. 

Phosphorus Metabolism 

The rust, as an obligate parasite, draws on the host cell for all of the 
materials it metabolizes after its reserves within the urediospore have been 
exhausted by the germ tube, appressorium, and stomatal vesicle. The cell 
contents of the urediospore was, prior to germination, rich in phosphorus 
that was strongly bound and capable of remobilization on germination of 
the spore. When this original supply of reserve material is exhausted and 
the phosphorus is again bound into energy-rich linkages wdthin the germ 
tube, the appressorium, and stomatal vesicle, all of the phosphorus needed 
by the growing hyphae must be derived from the host. 

The comparative cytochemical study of rust on a resistant and a sus- 
ceptible host discloses a direct correlation between the ability of the rust 
fungus to produce an extensive mycelium and sporulate, on the one hand, 
and its ability, on the other hand, to draw upon a wider expanse of host 
tissue for phosphorus. 

A normal cell may be assumed to be permeable to PO/ or to the salts 
of POu with cations, such as but impermeable to large molecules 
wherein PO4 would be tied up by pentose phosphoi*ylation to proteins, as 
in nucleotides. Tissues stained with the molybdenum reagent bring out 
the fact that the cells affected by rust and surviving infection release 
phosphorus compounds. In this respect they behave like cells that have 
been irradiated by ultra-violet radiations at sublethal doses (19) and that 
release phosphorus compounds acting as growdh-promoting substances for 
neighboring cells. It may, therefore, be inferred that surviving infected 
cells release to the intercellular spaces phosphorus compounds that can be 
remetabolized by the rust hyphae, but that, also, inasmuch as they are not 
recaptured by the hyphae, may induce some reactions in the cells around 
the court of infection. 

Therefore, gradients of phosphorus concentrations would become estab- 
lished not only between the infected host cells and the rust hyphae, but, as 
a whole, between the tissues of the court of infection and those immediately 
surrounding. There would result an influx of available phosphorus around 
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tlie actual court of infection into those tissues that face impending invasion 
by the encroaching hyphae, contrary to what would happen in healthy tissue. 

Phosphoims is likely to be translocated there from the more remote tis- 
sueSj mostly in the form of phosphorylated sugars. As the phosphorus 
thereby made available to the growing hyphae is being consumed the residue 
would be deposited in the form of glucose, sucrose, or starch; therefore 
accounting for that seemingly paradoxical result reported by Allen (1) 
in the case of mildew on wheat leaves, where high carbohydrate content and 
high respiration are intimately connected with growth of the parasite. That 
correlation would seem to be a general one and to be necessary in the case 
of all obligate parasites, rusts as well as mildews. 

NONGOMPENSATED EESPIRATION 

High respiration in infected tissues is concomitant with noncompensated 
respiration, and noncompensated respiration is concomitant with the dis* 
turbance of cell structure; noncompensated respiration means that O 2 
absorption is increased without CO 2 emission being correspondingly in- 
creased, as part of the O 2 is used up for the dehydrogenation of the phenolic 
compounds to quinones, with formation of H 2 O. The ultimate result of the 
interaction between rust and infected cells or between those infected cells 
within the infection court and those beyond that specific area will depend 
upon the severity of the decompensation of respiration, which, itself, will 
depend upon the dispersion of the dehydrogenases. 

A disturbance of the energy-rich phosphorus linkages, as the cell faces 
infection, will result in a severe decompensation of respiration: phenolic 
compounds in the vacuolar solution, being no longer protected from irrever- 
sible dehydrogenation, form quinones, which diffuse out of the vacuolar solu- 
tion into the cytoplasm, which they ‘‘fix^’ (26), and thus give rise to the 
hypersensitivity flecks (Fig. 1). The cells in those flecks are killed so 
quickly that they have no chance to induce metabolic responses in the nearby 
surviving cells. 

Quite different is the case when noncompensated respiration allows the 
concomitant survival of infected cells and infecting hyphae. Here, such 
respiration is not made evident by the dehydrogenation of the phenolic com- 
pounds to brown derivatives and by the discoloration of the tissues, as in 
hypersensitivity flecks ; but it can be demonstrated by immersing freehand 
sections of infected tissue in such reagents as para-phenylenediamine, 2.6 
dichloroimide . . . , which give bright-colored quinoid derivatives on being 
dehydrogenated by the noncompensated activity of the oxidases. 

Vital staining with those para or ortho compounds yielding bright- 
colored quinoid derivatives on dehydrogenation demonstrates that there is 
widespread in plant tissues an enzyme corresponding to what was known 
originally as tyrosinase. This enzyme catalyzes not only the aerobic oxida- 
tion of polyhydric phenols, where the - OH groups are in either the para 
or ortho position, and the oxidation of the amines, where the -NH groups 


31 


1944] Humphrey and Duprenoy: Host-Parasite Eelationship 

are in either the para or the ortho position, but, in the presence of catechol, 
also catalyzes the aerobic oxidation of certain monohydric phenols. 

Whether tyrosinase, as here defined, represents a specific enzyme or a 
group of enzymes among which such specific enzymes as polyphenol oxidases 
or catechol oxidases should be discriminated, has been the subject of much 
recent eontroyersy. What we are here concerned with in contributing to 
our understanding of the host-parasite relationship are these facts, i.e., that 
the aerobic oxidation of various ortho-dehydroxy phenolic compounds is 
catalyzed at widely different rates by tyrosinase and that the oxidation 



Fig. 1. Tangential section of rust-infected leaf of the variety Victoria. Inoculated 
November 4; examined November 10 in a solution of 2-6 diebloro-quinone imide. The 
penetration of the hypbae (h) tlirougb the stomata resulted in the collapse of the cells 
immediately adjoining, as evidenced by the folding in of the cell walls. The cells farther 
away show extrusions homologous to those featured by E. Allen as ^^pectie warts’’ (Jour. 
Agr. Ees. [U.S.] 34:' (8), pi. 3, fig. C, pp. 702-703. 1927). 

products of these compounds vary in their tendency to inactivate the 
tyrosinase. 

For instance, Baker and Nelson (5), in 1943, point out that catechol is 
oxidized very rapidly to quinones, as evidenced by the rapid browning of 
the reaction mixtures. They assume that these quinones exert an inhibitory 
effect on some intermediate link in the respiratory system of the living cells. 
Conversely, protocatechuic acid (4-carboxycatechol) is oxidized more slowly, 
yielding quinone at such a slow rate that the rest of the respiratory system 
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is able to reduce the quinone as soon as it is formed, thereby enabling the 
acid to serve as a hydrogen carrier. Baker and Nelson obtained their re- 
sults from a vStudy of the respiration of living cells of potato-tuber tissue. 
Slices of the tuber were subjected to a Warburg respirometer, which enabled 
them to record the amount of oxygen intake and CO 2 outgo, at a tempera- 
ture of 25° C. Experimental evidence thus obtained supports their conclu- 
sion that at least 85 per cent of the oxygen uptake of such respiring tissue 
enters the chemistry of the potato cell by w^ay of a tyrosinase-catal^T'zed 
oxidation. 

From the foregoing investigations we may derive the following concept, 
'which bears directly upon the general problem of host-parasite relationship, 
i.e.y that there exist in plant tissues, eoncomitantly, various phenolic sub- 
stances that can be dehydrogenated by an enzyme system of the tyrosinase 
type. The dehydrogenation may be reversible, and those substances then 
act as hydrogen carriers as long as the respiration is not severely decom- 
pensated. Indeed, a slight decompensation, corresponding to some dis- 
turbance of the cytological structure, entailing increased permeability, may 
step up the dehydrogenation of monophenols to polyphenols and of poly- 
phenols to quinones with correlative increase of O 2 intake that enhanced 
respiratory activity, which corresponds to a feverish condition of the tissues, 
is observed whenever cells survive attack by a given parasite ; but they sur- 
vive because they can keep up a delwdrogenase system whereby the quinones 
can be reverted back to the polyphenols; in other words, they will survive 
as long as they can retain a certain specific structural relationship between 
the phosphorus linkages and the cell constituents, as well as preserve the 
integrity of some -SH groups linked up with the nucleoproteins acting as 
dehydrogenases. 

Wherever the quinones fail to be rehydrogenated, they will catalyze 
further oxidations, inhibit some links in the respiratory S 3 ^stems, and bring 
about death of the cells and formation of brown necrotic areas in the rust- 
infected leaf. The interrelationship between host and parasite as evidenced 
by resistance or susceptibility seems, therefore, largely dependent on the 
rate of dehydrogenation of polyphenols to quinones. Where this rate is not 
so rapid as to outstrip the rate of reversible reaction, the cell or cells can 
survive; both host and parasite can more or less eompatibh^ live together* 
the host is susceptible. If the rate of quinone production is too rapid, the 
cells are killed before the rust fungus can get anything from them (Pigs. 
1 and 2). Thus no continuing parasitic relationship can be established, and 
the host is resistant. In this way decompensated respiration can be detected 
wherever hyphae of the rust grow and appropriate unto themselves phos- 
phorus compounds from the host cells. A gradient of phosphorus concen- 
tration between the hyphae and the infected cells is demonstrated by stain- 
ing with the molybdenum reagent. If the cells become too seriously depleted 
in phosphorus, they become the site of phenolic dehydrogenation to quinones, 
their cytoplasm becomes fixed by the quinones and they die. If, however. 
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they survive, they exhibit, concurrently -with decompensated respiration, 
definite changes in structure, involving mostly the cytoplasmic interphases. 
These changes may be properly described as secretion phenomena : The cen- 
tral vacuole, originally present in the normal cell, may secrete a number of 
secondary vacuoles ; the vacuolar contents, the colloids of which are chiefly 



Fig. 2. Tangential section of rust-infected leaf of the variety Victoria below sorus 
of Puecinia corofiaia. Infected December 30, 1942; examined January 28, 1943; section 
treated with the molybdenum reagent. In two of the cells the nucleus (%) stained a deep 
blue, as well as neighboring mitochondria (m) (featured solid black). Intercellular 
hyphae (h) show no material staining blue 'with the molybdenum reagent, indicating tha,t 
whatever phosphorus had been available has been translocated to the few urediospores 
formed (not shown). The chloroplasts (p) (merely outlined) remain appressed against 
the cell wall in some cells, and their distribution outlines the central vacuole, wherein the 
phenolic compounds have become coacervated into a number of spherical bodies, sharply 
outlined by the limiting membrane (c). In other cells the chloroplasts became aggluti- 
nated (ap), eventually losing their identity and fusing into a ‘ 'myelin body.’ ^ 

represented by phenolic compounds, may not be apportioned equally to all 
of those vacuoles. 

Cell Secretion 

Normally, the volume of the oat-leaf cell is occupied for the most part 
by the vacuolar solution, rich in colloids, represented chiefly by phenolic 
compounds. That vacuolar soliitipn stains a deep purple or violet with 
neutral red, occupies a vacuole in the central part of the cell, and is sur- 
rounded by the cytoplasm. The cytoplasmic vacuolar interphase is the site 
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of surface-tension phenomena, allowing for the irregular shape of the 
vacuole. 

As the cell is affected by the parasite, the vacuolar solution becomes 
dispersed into several vacuoles. This dispersal may be considered as rep- 
resenting a phenomenon of external secretion (as contrasted with internal 



PiG.^ 3. Tangential section of rust-infected leaf of tlie variety Markton below sorus 
of jPuccinia coronata. Inoculated December 30, 1942; examined lekniary 17, 1943. 
Vital staining with neutral red in 24 per cent sucrose solution. Vacuolar material stain- 
ing purple to orange, featured black or grey. The vacuoles in the intercellular hyphae 
(h) contain several small vacuolar precipitates, shown in solid black. In tlie vicinity of 
the hyphae the cells of the chlorencliyma show plasmolysis in the 24 per cent sucrose solu- 
tion; the chloroplasts (seen in outline only) becbnfe agglomerated, as tlie cytoplasm re- 
tracts from the cell wall, around the contracting vacuole. Where tlie cell plasmolyzes, 
the vacuolar solution stains orange or red, as contrasted to pink or purple in the normal 
•cells, indicating a shifting of the pH from the normal 5.5 towards 7. In many cells in 
the vicinity of the hyphae, the phenolic compounds, and particularly tlie pyridoxin from 
the vacuolar solution, became coaeervated into a spherical mass (o), slmrply outlined by 
deeply staining limiting boundary. As the vacuolar solution around tlie coaeervate under- 
goes plasmolysis, the cytoplasm, carrying the chloropolasts, may become tightly appressed 
against the^ coaeervate. In some cells, the vacuolar solution shows no eoaeervation ; in- 
stead, it evidences an excretion or a secretion of materials to the oiitsile, as the vacuole 
becomes irregularly lobed and buds out peripheral vacuoles sharply outlined by a row 
of lipid droplets in the enmeshing cytoplasmic strands. Farther away from the hyphae, 
the cells retain their turgor in the 24 per cent sucrose solution, the vacuolar solution (-y), 
stains pink to purple, and occupies the huge central vacuole pressing the cytoplasm and 
polastids against the cell wall. 

secretion, presented nnder the heading “eoaeervation”) (Fig. 3). The 
original vacuole may form “buds,” which become detached as so many sec- 
ondary vacuoles. Conversely, these secondary vacuoles mayteU in colloidal 
material. At the interphase, with interfacial surface tension, each vaeu- 
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ole tends to become perfectly spherical. Neutral red stains the contents of 
these secondary vacuoles orange red, thus demonstrating a shift of pH from 
normal acidity (approx. pH 5.5) toward neutrality. These smaller 
spherical vacuoles are the site of highly noneompensated oxidase activity, 
and give a bright-color response for quinoids on treatment of the tissues 
with para-phenylenediamine or 2-6 dichloro-quinone imide. 

Concomitant with that secretion of materials from the mother vacuole 
into the newly formed smaller peripheral vacuoles, in the same cell, there 
occurs a secretion of intracellular material into the intercellular spaces cor- 
relatively with what has been discussed as ^ ^ increased permeability. ’ ’ 


Pig. 4. Tangential section of rust-infected leaf of tlie variety Rainbow below sorus. 
Inoculated December 30; examined January 28 in a solution of neutral red in 24 per cent 
sucrose. The cells of the chlorenehyma are enmeshed in the pseudo-tissue of the inter- 
cellular hyphae (/i), comprising cells each of which contains a large red-staining vacuole 
(featured grey). The two upper chlorenehyma cells contain each an haustorium (ha) 
filled with the vacuolar solution occupying one or two vacuoles. The lower cells contain 
each a coacervate (c) with a deeply staining limiting layer surrounding a lighter stained 
core (featured solid black), (p) ehloroplasts, in outline. 


Coacervation 


The most conspicuous type of secretion occurs within the vacuolar solu- 
tion itself through that particular process described by Bungenberg de Jong 
(10) as ''coacervation.'' The colloidal materials, originally uniformly dis- 
tributed throughout the vacuolar system, may become unequally apportioned 
to various drops therefrom, as the central vacuole secretes smaller vacuoles 
at its periphery, as described above. 
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Fig. 6. Bond, inoculated January 14 with urediospores of race 1 of Tuccinia 
coronata collected from Bond; examined February 5 in the molybdenum reagent. The 
hyphae iji) showed a gradient of intensity of development of the blue phosplio-molybdenum 
reagent, as featured by the intensity of grey. The two urediospores (%t) at the top showed 
their natural orange-red due to the carotenoids (the phosphorus in the urediospores is 
firmly bound with cell constituents and is unmasked only after several days in the reagent). 
Each of the two cells at base contains a large coacervate (c) , sharply outlined by its 
phosphatid envelope an,d each containing the coacervated phenolic compounds, which the 
oxidizing effect of the molybdenum reagent has stained a deep red (p). Ohloroplasts in 
outline. The ehloroplasts are represented by their outline only; they were retaining their 
natural green color; the phosphorus is so firmly bound in the nueleo-protein constituent 
of the chromo-protein that it can be unmasked only after several days in the reagent. 
Some ehloroplasts (ap) become agglutinated. The nucleus in each cell has not been 
featured; the nueleo-protein in the nuclei does not bind the phosphorus so firmly as one 
finds it in the plastids, and the nuclear phosphorus would give a blue color after 24 
hours’ treatment in the reagent. Note again that eoacervates (c) are entirely inde- 
pendent from haustoria (ha). 
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Conversely, through the process of coacervation, these colloids may be- 
come apportioned to a special inclusion within the vacuolar solution, in the 
vacuole itself (Fig. 4). Then, if a freehand section of tissue in which col- 
loids have become coacervated is immersed in neutral red or any other vital 
dye, the stain accumulates in the coacervates, which then become manifest 
as bright-colored spherical bodies, each surrounded by a well-defined mem- 
brane and suspended in the vacuolar solution, which no longer contains any 
stamable colloid, and, therefore, comes out of the bath unstained. 

Coacervates, such as occur in crown-rust-infected leaves of the oat plant, 
belong to what Bungenberg de Jong and Kruyt (11) classified as “auto- 
complex coacervates,” where the central core of coacervated phenolic com- 
pounds is permanently separated from the vacuolar solution by a membrane 
of phosphatids. Such coacervates are stable ,- they can best be demonstrated 
by immersing freehand sections in the molybdenum reagent, where the 
coacervated phenolic compounds will be oxidized to red quinoids, while the 
phosphorus from the phosphatid membrane will yield phospho-molybdenum 
blue (13), sharply outlining the contour of the coacervate itself (Figs. 5 
and 6). This blue can be deepened to black by subsequent treatment in 1 
pr cent aqueous haematoxylin. The section can then be dehydrated rap- 
idly with absolute alcohol and mounted in euperal. 


CONCLUSIONS 

Establishment of the parasitic relationship between the leaf cells of the 
oat plant, on the one hand, and the invading hyphae of the rust fungus 
(Puccmia coronata), on the other, depends on the release of phosphorus 
compounds by the host cells, which thus make available to the parasite their 
phosphorus. This release may be— very probably is— correlated to in- 
creased permeability, but also depends on a marked degradation of the 
phosphorylated compounds, a process referred to by Haag (16) as “phos- 
pholyse.” This attempted physical interpretation of a cytological phe- 
nomenon does, however, leave us still lacking necessary enlightenment as to 
the facts basic to our understanding of the host-parasite relationship. 

Cytochemical examination of the affected tissues reveals changes that can 
best be described as secretion phenomena. These appear to be homologous 
to the phenomena in either plant or animal cells following any stimulus 
physical, chemical, or pathological, such as might be induced bv a parasite 
or other pathogenic agent. 

In all eases the affected cell gives up to the surrounding medium some 
p osphorus compounds, which it would normally retain intact. In the cells 
of an oat plant affected by rust there occurs, concomitantly with the excre- 
tion of materials into the intercellular spaces, an internal secretion within 
the vacuolar solution itself— a secretion resulting in the coacervation of 
piienolic compounds, mostly pyridoxin, 

Indophenol-blue-forming phenolic compounds, such as pyridoxin, are 
widespread in the vacuolar solution of cells of the oat plant, and most 
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abundant in the vacuoles of the guard cells and of the long epidermal cells 
in line with the stomata. 

Coacervation of those phenolic compounds seems correlated with the 
dispersion of the nucleotides or phosphoproteids in the cell and to the result- 
ing decompensation of respiration. The establishment of the host-parasite 
relationship entails a decompensation of respiration that may still permit 
the host cell to survive. If, on the other hand, the decompensation be so 
severe as to prove rapidly lethal, the rust fungus no longer behaves as a 
parasite but as a pathogen, inducing necrotic spots characteristic of hyper- 
susceptibility. 

Cabin John, Maryland. 

Department op Botany, Louisiana State University, 

Baton Rouge, Louisiana. 
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THE MECHANISM OF WILTING CAUSED BY FUSARIUM 
BULBIGENUM VAR. LYCOPERSICI^ 


David Gottlieb 
(Accepted for publication July 3, 1943) 

Tlie first important iD^potliesis on the nature of vascular wilts was formu- 
lated by Atkinson (3) in 1892. His investigations on cotton wilt demon- 
strated that the pathogen is a vascular parasite; and Atkinson postulated 
that the plants wilted because the fungus utilized the nutrients present in 
the tracheal fluid and thereby starved the host. This hypothesis was soon 
superseded by the plugging theoiy, which assumed that the wefts of my- 
celium observed in the vessels of the host caused wilting by hindering the 
movement of water to the upper parts of the plant (12, 34, 35, 48, 49, 54). 
Most of the recent investigators, however, report the very rare occurrence 
of mycelial wefts, and that the hyphae usually grow sparsely along the 
inner w’alls of the tracheae (1, 2, 6, 10, 19, 20). Even if occlusion did occur 
in some of the vessels there seemed to be sufficient lateral diffusion to keep 
the plant in a turgid condition (8, 11). Other types of occlusion, such as 
the formation of tyloses or gums in the xyleni (4, 22, 23, 24, 37, 47), also 
have been suggested, but these may be secondary factors and not the primary 
cause of wilting. Similar materials also have been observed in bacterial 
wilts (27, 53). Another explanation for wilting in flax has been advanced 
by Tochinai (52), who suggested that Fiisariiim Uni might produce enough 
carbon dioxide to form a gas pocket in the tracheae and thereby break the 
transpiration stream. Link (32) and Mann (33) ascribed the wilting of 
potatoes to an infection and necrosis of the root tissues, which limited the 
water-absorbing powers of the plant; but Tisdale (51) and Grossman (19) 
pointed out that, in flax, such necrosis takes place only after the plant is 
already dead. Vascular fungi may even cause wilting by destro^dng the 
mesophyll tissues of the leaves. According to van der Meer (53), van der 
Lek observed that Fusarium tracheiphila grew out of the vessels and at- 
tacked the mesophyll of the leaves of cucumber. Only after these tissues 
were attacked did the plant wilt. 

The inadequacy of the foregoing explanations of wilting led to the devel- 
opment of the toxin^ theory, now most generally accepted. It is based, for 
the most part, on the fact that toxins are produced by the different vascular 
fungi, when they are grown on synthetic nutrient media, and on the ability 
of these toxins to wilt excised shoots (2, 6, 9, 15, 19, 21, 30, 56). Vascular 
discoloration, which is a diagnostic character for these diseases, also has been 

1 Condensed from a thesis submitted to the Graduate School of the University of 
Minnesota in partial fulfillment of the requirements for the degree of Doctor of Pliiloso- 
|)hy- Uegree granted December 1942. Paper No. 2089, Scientific Journal Series, Min- 
nesota Experiment Station. Assistance in the preparation of figure 2 was furnished by 
the personnel of the Works Project Administration, Official Project No. 165-71-1-124, 
Sponsored by the University of Minnesota (1942), 

sill this pai:)er the term toxin is used to indicate a substance produced by a living 
organism that is deleterious to a plant. 
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attributed to these fungi. Analysis of the toxic filtrates from cultures of 
vascular parasites has yielded eonfiicting results, and the toxic activity has 
been variously attributed to different components such as nitrates, enzymes, 
acids, and alcohols (4, 14, 15, 20, 21, 42, 43, 44, 57). The more recent 
studies of Schaffnit and Liidtke (46), Ahmet (1), Grossman (19), and Blpi- 
dina (13) indicate that the toxic fractions of the fungal filtrates may be 
amines. The toxin theory has been strengthened by the recent studies of 
Gottlieb (18) on fusarial tomato wilt. He reported the presence of toxins 
in the tracheal systems of wilted plants and their absence in the fluids ob- 
tained from noninoculated turgid plants. 

There have been many theories to explain the action of the toxins on the 
host plant. Van der Lek, according to Rudolph (44), attributes the dis- 
coloration of the vessels to the corrosive action of a toxin, while Hursh (25) 
points out a correlation between the browning and an inactivation of the 
toxin. On the other hand, Picado (41), who also believed that the discol- 
oration is due to metabolic products of the fungus, distinguished between 
discoloring action and the wilting effect. Pethybridge (40) believed this 
discoloration due to two components : the innate color of the fungal hyphae 
and another factor that is independent of the parasite. 

A more important problem is the role of the toxin in disturbing the 
water relations of the plant. Bewley (4) and Higgins (22) postulate the 
secretion of substances that act upon the living cells, these cells, in turn, 
producing the gums that are the direct cause of wilting. Zentmeyer (60), 
in contrast, considered the tyloses and gums of secondary importance to the 
direct action of the toxins in causing wilting. Another vital question still 
unsatisfactorily answered is the kind of tissue the toxin affects. Hursh 
(26) thought the toxins acted on the vascular tissue, where they were depos- 
ited or inactivated. When stems were placed in fungus-culture filtrates, 
some of the cells at the exposed surface collapsed, thereby interfering with 
normal transpiration. If the ends of these stems were then cut off and the 
seedlings placed in water, the plants recovered. According to Hursh, per- 
manent wilting sets in only when considerable functional tissue has been 
destroyed. Supporting this interpretation are the observations recently 
made by Maclean and Walker (34). In wilts of potatoes caused by 
Fusarium avenaceum, Fiisarium solani, and Fusarium oxysponim, they 
observed that some of the small xylem vessels had collapsed and interpreted 
the collapse as indicating a dissolving action by the fungus. 

Various investigators have suggested that the toxin might act on the 
leaf. As early as 1921, Young and Bennet (58, 59) believed that the toxin 
acted on the cell membranes, rendering them less permeable. Thus, under 
conditions of high transpiration, not enough water could reach the tissues 
to enable them to retain their turgidity. A similar hypothesis was pre- 
sented by Clayton (8), who stated that either an increase or decrease in 
permeability could account for the wilting. Pertinent data on this subject 
have been presented by Linford (31), in transpiration studies on pea wilt, 
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from which he postulated increased permeability in diseased tissues. 
Fisher (16) also suggested that wilting of tomatoes was due to permeability 
changes in the cell membranes. Thatcher (50) measured the permeability 
of plants that wilted in fungal filtrates, and found that an increase in per- 
meability w^as correlated with the wilted condition. More direct evidence 
that the toxin acts on the leaf tissues in some plants has been presented by 
Dawson (11) in his work on the Cephalospormm wilt of daisies. The most 
prominent symptom of this disease prior to actual wilting is an intense 
yellowing of the leaves. Dawson was able to reproduce this condition in the 
cells of the leaf by detaching them from the plant and placing them in a 
filtrate from the culture of the parasite. The mesophyll and palisade cells 
became an intense yellow and the chlorophyll was disorganized. Ahmet (1) 
believed that the plant could adjust itself to the new water relations and 
remain turgid if the pathogen was not too virulent, or other conditions did 
not favor an acute wilt. An adjustment of this type, he postulated, would 
account for the ability of some infected plants to continue functioning for 
some time, as occurs in the chronic wilts. 

The object of the present investigation was to ascertain the immediate 
cause and mechanism of wilting of tomatoes due to Fttsarmm hulhigemim 
var. lycopersici (Bruschi) Wr. and R. Four principal phases of the prob- 
lem were studied : the extent and effect of plugging ; the production of tox- 
ins by vascular pathogens and other fungi ; the presence of toxins in the 
tracheae of infected plants ,* and the effect of such toxins on the physiology 
of the host. 

EXPERIMENTAL STUDIES 

Effect and Extent of Plugging 

Although the plugging theory of wilting has been discarded by most of 
the current pathologists, there is little direct evidence that it plays no part. 
More conclusive evidence on this subject was sought by a histological study 
of the growth and development of the pathogen in the different plant parts 
and by a study of the movement of water through infected and noninfected 
stems. 

Bonny Best tomato plants were inoculated with Fusarium hidiigemm 
var. lycopersici by the Wellman procedure (55), and wilting occurred about 
2 weeks later. Noninoculated plants were used as checks. Sections of tis- 
sue from the roots, 1 inch below the ground line, and from the stem at 1 inch 
and 9 inches above the ground and 1 inch below the uppermost petiole, were 
plated out on potato-dextrose agar. Fusarium cultures were isolated from 
the roots of 61 of the 63 inoculated plants, from 63 of the stem sections that 
were cut 1 inch above the ground line, and from 39 of the stem sections cut 
9 inches above the ground line. No Fusarium species were ever isolated 
from the region of the uppermost petiole, indicating that any action of the 
fungus to cause wilting must begin at a distance from the leaf, the site of 
actual wilting. Twenty-one of the isolates from the roots and stems were 
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tested for pathogenicity, and all of them caused wilting in the inoculated 
tomato plants. From similar tissue sections of the check plants only 2 colo- 
nies of J-Z^ernam were obtained that were considered as contaminants and 
unrelated to the disease. 

At the time of wilting, half-inch sections of each of the above mentioned 
tissues were washed and fixed in formic acid, acetic acid, and alcohol solu- 


Hig. 1. Camera-lueida drawing of cross section, of vascular bundle in loAver portion 
of tomato stem infected with Fusarium ’btil'bigenmi var. lycopersici, 

tion. Hand sections were made and the vascular tissues were studied micro- 
scopically. These studies confirmed the results of the culture studies, for 
all of the inoculated plants had mycelium in the lumen of the larger vessels 
of the roots and in the two lower portions of the stem, but none near the top 
of the shoot. No mycelium was present in any portion of the cheek plants. 
Approximately 45 per cent of the large vessels in any stem section contained 
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mycelium, altliougli in some sections this ranged as high as 61 per cent. No 
plugging was observed in any of the sections made 9 inches above the soil 
line. But in the lower stem and in the roots, some of the vessels were well 
plugged with a mass of anastomosing and criss-crossing hyphae, occupying 
almost the entire cross-sectional area of the vessel (Fig. 1). Many of the 



vessels, however, contained only a few hyphae that formed a loose weft in 
the lumen. When one considers the length of tracheae that might thus be 
filled, it is apparent that the xylem could become a very inefficient transport 
organ. Nevertheless, even if the occluded vessels become nonfunctional, the 
remaining ones might still transport sufficient water to maintain turgidity 
of the plant. 
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Because many of the vessels were plugged, attempts were made to 
measure the movement of liquids through infected and noninfected stems. 
The movement of water through Fusarium-infeeted stems should he hin- 
dered if the obstruction by mycelium were responsible for wilting. 

A flowmeter, therefore, was designed to measure the rate of flow of water 
through a section of stem (Pig. 2). An inverted burette containing water 
was connected to a section of the stem, which had been cut under water, by 
a short length of glass tube ; and the lower end of the glass tube was then 
connected to another glass tube leading into the vacuum flask. The flask in 
turn was connected by suitable tubing to a mercury manometer and vacuum 
pump. A large bottle between the pump and the flask acted as a reservoir 
to cushion any changes in pressure, and an extra outlet from the T tube was 
used to regulate the pressure. Any length of stem could be accommodated 
by raising or lowering the clamp that held the burette. The stems were 
covered with petrolatum and a pressure of 13 cm. less than atmospheric was 
applied to the stem. This gave a flow of about 0.5 ml. of water in 30 min. 
through a 15'Cm. section. Repeated trials demonstrated the precision of the 
apparatus. For example, 5 trials on a stem section of a noninoculated plant 
gave the following results : 1st run, 0.48 ml. ; 2nd run, 0.46 ml. ; 3rd run, 
0.49 ml. ; 4th run, 0.47 ml. ; 5th run, 0.47 ml. 

Upon further investigation it was discovered that the procedure could 
not be used for diseased tomatoes. The lower portions of the stems usually 
were hollow because of the disintegration of the pith, a condition that 
seemed more severe in infected than in normal plants. Thus, results would 
not be comparable even when stems of the same size were used. Although 
the upper portion of the stem was still solid, it could not be used because it 
contained very little mycelium. Therefore, no conclusions could be drawn 
as to the effect of plugging on the movement of water through diseased 
stems. 

TOXINS IN CULTURE 

The production of toxins in culture by vascular parasites has been the 
principal evidence supporting the toxin theory of wilting. But such evi- 
dence has not been considered entirely conclusive, since the metabolism of 
microorganisms may vary with the culture medium (5). Rosen (43), for 
example, showed that the ability of toxins from Fiisariiim vasinfechcm to 
cause wilting in cotton plants depends on the culture medium on which the 
fungus has been grown. Lathrope (28) thought that the aldehydes in the 
filtrates of cultures of Fusarium cubense were responsible for wilting in the 
host, but he was unable to find such compounds in the diseased plants. 
Various fungi other than vascular parasites also produce toxins. It was, 
therefore, interesting to test a large variety of fungi and determine their 
ability to produce wilt toxins. 

Twenty-six fungi including vascular parasites, root-rotting organisms, 
leaf -spotting fungi, and saprophytes (Table 1) were studied. All the fungi 
were grown in Richards’ solution, except Ustilago zeae^ which was grown in 
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potato-dextrose broth. Fifty milliliter aliquots of the nutrient solutions 
were placed in Erlenmeyer flasks and inoculated with approximately equal 
amounts of the organisms. Two series were run, a short series of 17 fungi, 
which had been grown at room temperature for 2 weeks, and a long series 
of 26 fungi, which had grown for 4 weeks. At the end of that time each 
culture was filtered and the filtrates were poured into 10-ml. vials into which 
21-day-old tomato seedlings were placed. Six seedlings were used for each 
filtrate and all were illuminated by a 100-watt lamp 18 inches above the 
table. Four of the 5 vascular parasites in the ‘‘2-week cultures produced 


TABLE 1. — Wilt reactions of tomato seedlings in filtrates of various fungi 


Organism 

Eeaetion to filtrate from 

2-week culture 

4'Week culture 

Fusarimn Uni 

Wilted 

Wilted 

Fusarium eumartii 

Turgid 

Turgid 

Fusarimn conglutinans 

Wilted 

Wilted 

Fusarium elegans 


Wilted 

Fusarium niveum 

Wilted 

Turgid 

Fusarium lycopersici 

. 

Wilted 

Fusarium pisi 


Turgid 

VerticilUum aTbo-atrum 

Wilted 

Wilted 

Fusarium gramineum 


Turgid 

Papitlospora sp. 

Wilted 

Wilted 

Selminthosporium avenae 

Wilted 

Wilted 

Eelminthosporium sativum 

Turgid 

Turgid 

Aspergillus clavatus 

Turgid 

Turgid 

Aspergillus ochraoeus 

Wilted 

Turgid 

Aspergillus niger 

Wilted 

Turgid 

Ferconia dyssoides 

Wilted 

Wilted 

Styansus stemonitis 

Wilted 

Wilted 

Fenicillium expansum 

Wilted 

Wilted 

Cladosporium herb arum 

Turgid 

Turgid 

Colletotrichum phomoides 

Turgid 

Wilted 

Cephalosporium roseum 

Wilted 

Wilted 

Araohniotus trisporus 


Wilted 

Arachniotus sp. 


Turgid 

Ehizoctonia solani (isolate 1) 


Wilted 

Ehizoctonia solani (isolate 2) 

.................. 

Turgid 

TJstilago ^eae 


Wilted 


toxins, while 5 of the 8 in the “4- week cultures’’ produced them. Eight of 
the 12 remaining fungi in the “2-week cultures” produced toxins, while 
10 of 18 fungi in the “4-week cultures” produced them (Table 1). Thus, 
it is evident that many fungi can produce toxins that cause wilting in tomato 
seedlings, when such fungi are grown on artificial media. An examination 
of table 1 shows that even different isolates of the same species may vary in 
toxin production; one isolate of BMzootonia solani produced toxins and the 
other did not. The toxicity of the filtrate also may vary with the age of the 
culture, as in the case of Colletotrichum phomoides. The 2-week-old cul- 
ture, for example, was Unable to cause wilting, whereas the “4-week cul- 
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tiires’’ caused wilt of all 6 seedlings. The results obtained with Aspergillus 
sp., however, were difficult to interpret because 2 of the fungi produced 
toxins in the ''2-week cultures/’ but did not produce them in the "4- week 
cultures/’ This discrepancy might be explained by differences in the test 
seedlings. Hursh (26) found that the wilting ability of toxins will vary 
with the age of the plant they act upon, hardiness of the stem, and other 
factors. It is possible that the seedlings used in filtrates from the "4- week 
cultures” were hardier than those used for the "2- week cultures,” although 
an attempt was made to employ a uniform group of seedlings in all tests. 
Despite these discrepancies, the experiment indicates that the production of 
toxins in culture is in itself not sufficient evidence that toxins are produced 
in plants infected with vascular parasites. The evidence that such deleteri- 
ous substances cause wilting would be greatly strengthened if their jpresence 
could be demonstrated in the wilted plants. 

TOXINS IN TRACHEAL FLUIDS 

In view of the fact that the results reported in a previous paper (18) 
had indicated the presence of deleterious substances in the tracheal fluids 
of wilted plants, it was thought important to repeat these experiments and 
make further studies on tracheal fluids. Two hundred Bonny Best tomato 
plants were inoculated by the Wellman technique (55) when about 18 inches 
high. An equal number of plants were grown as checks under the same 
conditions, except that they were transplanted without inoculation. The 
inoculated plants wilted in about 3 weeks, while the noninoeulated checks 
remained turgid. All the plants were then extracted by the technique and 
apparatus described previously (18). Thirty-five seedlings were used in the 
assay, 15 for the fluids from wilted plants, 15 for the fluids from the turgid 
plants, and 5 as absolute checks in distilled water. All the seedlings in the 
wilt fluids lost turgidity within 2 hours, whereas those in the ' ' normal 
fluids” and in distilled water remained turgid, even after 12 hours (Table 2), 
Further studies also were made on plants that had wilted because of insuffi- 
cient soil moisture, but their extracts exerted no deleterious effects on the 
test seedlings. 

Similar studies also were made on plants that had chronic wilt, in which 
there is not a sudden loss of turgidity. Instead, the leaves gradually yellow 
in basipetalous successions and eventually become brittle. Sometimes the 
plant does not die but remains dwarfed and unthrifty. This condition 
usually occurs when the environment is unfavorable for the disease, when 
the host is somewhat resistant, or when the pathogen is not virulent. An 
assay for deleterious substances was made on the vascular fluids of such 
plants. The plants and the pathogen were handled in the usual manner, 
except that the temperatures were somewhat lower, about 65° C. rather than 
80 C., and the soil was kept saturated. The checks were grown under simi- 
lar conditions. The typical chronic wilt appeared in the inoculated plants, 
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wliicli were then used for the extraction. Sixteen seedlings were used in 
the assay, 6 for the wilt flnid, 6 for the normal fluid, and 4 for distilled 
water. Five of the 6 seedlings in the wilt fluid became flaccid after 2.5 
hours ; the remaining one was only slightly wilted, even after 12 hours. All 
the plants in the normal fluids and in water remained turgid for at least 12 

TABLE 2 . — Time required for the wilting of seedlings in tracheal fluids from torna- 
toes inoculated with Fusarmm hulMgenum uar, lycopersici and from noninoculated plants 


Condition of seedlings^ from 1 to 12 hours after placement in fluid 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

WEi 

SW 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

W 

WFa 

SW 

W 

W 

w 

W 

W 

W 

W 

W 

W 

w 

w 

WF2 

SW 

W 

W 

w 

W 

W 

w 

w 

W 

W 

w 

w 

WF4 

SW 

w 

W 

w 

W 

W 

w 

w 

W 

W 

w 

w 

WF5 

SW 

w 

W 

w 

W 

W 

w 

w 

W 

W 

w 

w 

WFo 

T 

SW 

T 

w 

W 

W 

w 

w 

W 

w 

w 

w 

WF, 

T 

SW 

T 

w 
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W 
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WFs 
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SW 
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T 
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W 

w 

w 

W 

w 

w 

w 

WF,,o 
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w 

WFn 

T 

T 
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w 

W 

w 

w 

w 

WF12 

T 

T 

SW 
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W 

W 
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w 

W 

w 

w 
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WFi 3 
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T 
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T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

H2O1 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

H0O2 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

H2O3 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

H2O4 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

H2O5 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


a WF indicates fluids from wilted plants ; NE, fluids from normal noninoculated 
plants; H2O, water cheeks. 

^ T, turgid ; SW, slightly wilted ; W, wilted. 


hours (Table 3) . From these results we can conclude that a toxin is present 
in the tracheal fluids of tomatoes infected with Fusarium Itdhigenum var. 
lycopersici and that it is definitely associated with the presence of the patho- 
gen. Since the toxins are also present in chronically wilted plants, Ahmet’s 
(1) hypothesis that the host may adjust itself somewhat to the presence of 
the pathogen seems tenable. 


50 


Phytopathology 


[VoL. 34 


Properties of the Toxins 

Three properties of the toxins were investigated ; the stability in storage, 
the ease of oxidation, and the thermolability. Vascular fluids that had been 
stored under nitrogen at 18° C. did not lose their toxicity for tomato seed- 
lings, even after 120 days. The oxydizability of the toxin was determined 
by bubbling a stream of oxygen through 3 1-ml. samples of ^Svilt fluids’’ for 
2 hours. '‘Normal fluids” also were saturated with a stream of oxygen to 
ascertain whether any toxic compounds were formed during this process. 
Untreated "wilt fluids” were used as checks and no significant changes 

TABLE 3. — Time required for wilting of seedlings in tracheal fluids of chronically 
united plants 


Condition of seedlings^ from 1 to 12 hours after placement in fluid 



1 

2 

3 

4 I 

5 

6 

7 

8 

9 

10 

11 

12 

WEi 

T 

W 

w 

W 

W 

W 

W 

w 

W 

W 

W 

W 

WEo 

T 

T 

W 

w 

w 

W 

W 

w 

W 

W 

W 

W 

■WE3 

T 

W 

W 

w 

W 

W 

w 

w 

W 

W 

W 

w 

WE, 

T 

sw 

SW 

sw 

SW 

SW 

sw 

sw 

SW 

SW 

SW 

sw 

WEs 

T 

w 

w 

w 

W 

w 

w 

w 

w 

W 

w 

w 

WEe 

T 

T 

T 

w 

W 

w 

w 

w 

w 

W 

w 

w 

NEi 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

NEo 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

NEa 

T 

T 

T 1 

T 

T 

T 

T 

T 

T 

T 

T 

T 

NE, 

T 

T 

T ' 

T 

T 

T 

T 

T 

T 

T 

T 

T 

NE, 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

NE« 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

H^Ox 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

H 2 O 2 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

HA 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

HoO, 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


a WE indicates fluids from wilted plants; NE, fluids from noninoculated plants; 
HaO, water cheeks. 

b T, turgid ; SW, slightly wilted ; W, wilted. 


resulted from oxygenating the wilt fluids. All the seedlings in both the 
treated and the nontreated wilt fluids wilted within 1.5 hours, whereas those 
in the oxygenated normal fluids remained turgid even after 12 hours. 

The results of the temperature studies were more difficult to interpret. 
"Wilt fluids” and "nontoxic fluids” were placed in test tubes that were 
then filled with nitrogen and sealed. Some of the tubes were heated to 
100° C., others to 250° C. for 15 minutes; still others were held at room 
temperature to serve as checks. The tubes, heated to 100° C., contained a 
fine suspension that did not settle out on standing, while in the tracheal 
fluids, which had been heated to 250° C., there was much greater denatura- 
tion and a copious precipitate. Only the clear supernatant liquid of the 
latter was used in the assay. Both heated liquids had a sour odor, which 
was very strong in the tubes that had been heated to 250° C. There were 
no consistent differences in the time for wilting of seedlings in the fluids 
that had been heated to 100° C. and the checks; wilting occurred within 1 
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hour. But one could not make certain that the original toxin was stable 
and had caused the wilting because the colloidal suspension present might 
have precipitated in the vessels of the seedlings and plugged them. The 
supernatant liquid from tracheal fluids that had been heated to 250° C. 
did not bring about wilting of the test seedlings, whereas the noh-heated 
fluids wilted tomato seedlings within 2 hours. 

Because various investigators had indicated that inorganic chemicals 
may be the toxic components of the tracheal fluids of diseased plants, the 
tracheal fluids were analyzed spectrographieally and the emission element 
content compared to those of normal plants. Pour replicates of each fluid 
were analyzed but no perceptible differences for any of the emission 
elements were obtained. 

THE PHYSIOLOGY OP WILTING 

Many field observations indicate a correlation between the prevalence 
of wilt and hot dry weather, which tends to increase transpiration. But 
there are very few reports available in which the transpiration of the 
diseased plants has been controlled for experimental study. In the present 
investigations transpiration was controlled in two ways: first, by mechan- 
ically preventing evaporation ; and second, by the use of a saturated atmos- 
phere. The mechanical prevention of transpiration was accomplished by 
coating all the exposed surfaces of the test seedlings with vaseline before 
placing them in the vials containing the wilt fluids. Twenty seedlings were 
coated in this manner and 20 noncoated ones were used as checks. All the 
seedlings were placed under electric lamps, at a temperature of 32° C. 
and a relative humidity of 52 per cent. None of the treated seedlings 
wilted within 18 hours, whereas the nontreated seedlings lost turgidity 
within 2 hours. In other experiments seedlings were placed in a saturated 
atmosphere over a layer of water in a desiccator. Fifteen of the seedlings 
in the toxic fluids were placed in the moist chamber and 15 were left 
exposed on the laboratory table ; both sets were illuminated by two 100-watt 
bulbs, which gave an illumination of 405 foot candles. The temperature 
varied between 26° and 28° C. None of the seedlings in the desiccator 
wilted, while all those that were exposed in the rather hot, dry air became 
limp (Table 4). To further test the efficacy of a saturated atmosphere in 
preventing wilt, 10 seedlings that had wilted under conditions of low 
humidity were placed in a moist chamber while still in the toxic tracheal 
fluids and 10 were left in the same environment that had brought on the 
wilting. All seedlings in the moist chamber recovered within 12 hours, 
while the others dried without ever regaining turgidity. When the re- 
covered seedlings were removed from the moist chamber to the table, wilting 
recurred. If again placed in the humid environment, recovery followed ; 
and a subsequent removal again resulted in a loss of turgidity. 

Similar experiments were made in the greenhouse with plants that had 
been inoculated with Fusarium lulhigenum var. lycopersici. The seedlings 
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were grown in fiats and inoculated when they were abont 5 weeks old, after 
which they were immediately transplanted to 4-inch pots. They were kept 
in the shade for a week to allow for recovery from the injury of transplant- 
ing, then placed on the greenhouse bench. Twenty-four of the pots were 
placed under bell jars and 25 were left on the bench uncovered. In addition 
10 noninoculated seedlings were placed under bell jars as checks. All 
plants were watered daily, and those under bell jars had large guttation 
drops hanging from the leaves because of the humid conditions. Of the 

TABLE 4. — Time required for wilting of seedlings in toxic tracheal fluids under dif- 
ferent humidities 


Atmosphere 

Eluid^i 

Condition of seedlings^ from 1 to 10 hours after 
placement of fluids 

! 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


WPi 

T 

! W 

W 

W 

W 

W 

W 

W 

W 

w 


WE. 

W 

W 

W 

W 

w 

W 

w 

W 

W 

w 


WP« 

W 

1 w 

W 

W 

w 

W 

w 

w 

W 

w 


WF 4 
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T 

W 

W 

w 

W 

w 

w 

W 

w 


WEs 

W 

W 

W 

W 

1 w 

W 

w 

w 

W 

w 


WE„ 

W 

W 

W 

W 

w 

w 

V7 

w 

W 

w 

Unsaturated 

atmosphere 

WE, 

W 

W 

W 

W 

w 

w 

W 

w 

W 

w 

WFs 

T 

W 

W 

W 

w 

w 

W 

w 

W 

w 

WEo 

T 

T 1 

W 

W 


w 

W 

w 

W 

w 


WF,o 

T 

T 

w 

W 

! w 

w 

W 

w 

w 

w 


WE^ 

W 

W i 

w 

W 

w 

w 

W 

w 

w 

w 


WFi. 

T 

T 1 

w 

W 

w 

w 

W 

w 

w 

w 


WE , 3 

T 

W i 

w 

w 

w 

w 

w 

w 

w 

w 


WEi, 
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W 

w 

w 

w 

w 

w 

w 

w 

w 


WFi3 

W 

W : 

w 

w 

w 

w 

w 

w 

w 

w 


WP,e 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


WF„ 

T 

T 

T 

T 

T 

T 

T 

T 

T ! 

T 


WFis 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


WF ,3 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


WE_^ 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

■ 

WF^ 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

Saturated 

WEo, 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

atmosphere 

we; 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


WE,, 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


WE,^ 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


WE^ 

T 

T 

T 

T 

T i 

T 

T 

T 

T 

T 

' 

WE,, 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


WE^s 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


WF,o 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


WF 30 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


a WE indicates tracheal fluids obtained from diesased wilted plants. 
t> T denotes turgid and W denotes wilted. 


*25 tomato plants exposed on the greenhouse bench, 7 wilted in ten days, 5 
more in 12 days, and the remaining within 14 days. All the inoculated 
plants under the bell jar remained turgid for 28 days. Thereafter, they 
gradually wilted; and at the end of an 8-week period only 4 of the original 
24 plants were still turgid. But, even the tomato plants that survived had 
an unthrifty appearance, and when removed from the bell jar to the green- 
house bench they too died. Although none of the noninoculated plants 
under the bell jars wilted, they also appeared unthrifty and the water- 
logged soil and saturated atmosphere seemed detrimental to their vigor. 
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From these results it is apparent that the toxin disturbs in some way 
the relation between the water intake of the plants and their loss of water 
by transpiration. As long as transpiration is reduced the cells do not lose 
their turgor. The fact that even those inoculated plants that had been kept 
under bell jars wilted eventually might be explained by the general detri- 
mental effect of the water-logged soil and saturated atmosphere on the 
vigor of the plants. Noninoculated plants also did not thrive under similar 
conditions. Thus, the combined effect of the presence of toxin and adverse 
environment may have brought about the death of inoculated plants. 

Toxins and Permeability 

As suggested by some earlier investigators, toxins resulting from an 
infection by Fusarium 'bulhigenum var. lycopersici might alter the permea- 
bility of the host cells, thereby upsetting the water balance of the host. 
Experiments were, therefore, set up to measure such changes in cell per- 
meability. Tracheal fluids were obtained from inoculated and noninoculated 


TABLE 5 . — Time of deplasmolysis for cells in tissue sections placed in tracheal fluids 
from infected and nonmfected plants 


Eluifla 

Minutes 

Fluida 

Minutes 

IWFi 

3 

NWFa 

7 

IWF, 

4 

NWFa 

5 

IWF3 

4 

NWF 3 

4 

IWF4 

4 

NWF^ 

5 

IWFs 

4 

NWFs 

17 

IWFq 

5 

NWPe 

17 

IWP7 

4 

NWFt 

14 

IWFs 

4 

NWFs 

17 


a i^WF denotes tracheal fluids of infected plants. NWF denotes fluids of plants 
wilted because of insufficient soil moisture. 


plants in the usual manner, and fluids of normal noninoculated plants that 
had wilted because of lack of soil moisture were used as absolute cheeks. The 
latter control was important; otherwise, any changes in the permeability 
of the infected, wilted plants, when compared to the permeability of normal 
turgid plants might be due to the process of wilting itself and have no 
relation to the presence of the parasite in the vascular tissue. 

All measurements of changes in permeability were made on the pith 
cells from petioles of actively growing young plants. Using calcium 
chloride solutions of various concentrations, the osmotic pressure of normal 
noninoculated plants was determined as 10.6 atmospheres, which was 
equivalent to a 0.403 molar solution isotonic with the pith cells. A hyper- 
tonic 0.806 was used for plasmolysis and a hypotonic 0.303 molar solution 
for deplasmolysis, and the time necessary for deplasmolysis was used as a 
criterion of cell permeability. Since absolute permeabilities would give no 
information pertinent to the problem, these values were not calculated. 
Tissue sections were placed in the tracheal fluids from both infected and 
noninf ected plants for 2 hours and then removed to the hypertonic solution 
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for 20 minutes. After removing the excess of reagent, the sections were 
placed in the isotonic solution and observed for time of deplasmolysis. At 
least 100 cells were observed in each section. All but one of the sections, 
IWFe, that had been placed in the toxic fluids, required less time for de- 
plasmolysis than those in the normal fluids (Table 5). The results of the 
foregoing experiments indicate that the toxin produced in infected tomato 
plants increases the permeabilities of the cells. Such an increase in per- 
meability could readily play an important role in causing tomato plants 
infected with the Fusarmm to wilt. 

PERMANENCE OP THE TOXIC ACTION 

Although wilting was reversible when conditions that hindered tran- 
spiration prevailed, these results do not indicate whether or not a perma- 
nent change in permeability had taken place. For this reason a series of 
experiments was made in which plants were removed from the toxic fluids 
at various periods after wilting had begun, and placed in distilled water. 
The periods of time after wilting set in varied from 15 min. to 5 hr. All the 
plants recovered except those that had already started to dry out, which 
indicated a permanent disorganization of the tissues. Under the condi- 
tions of the experiment the maximum time that seedlings could remain in 
the wilted state and still recover turgidity was 4.25 hours. Hursh (25) 
reported that after wilted cabbage seedlings had recovered in water they 
did not again wilt when returned to the toxic filtrates, and Chester (7) 
interpreted this phenomenon as an example of acquired resistance in plants. 
Similar experiments were performed with tomato seedlings, both in fungus- 
culture filtrates and in toxic tracheal fluids. Twenty seedlings that had 
wilted in the tracheal fluids and recovered in the water within 4 hours 
again lost their turgidity when returned to those toxic fluids. Thirty-nine 
seedlings responded in a corresponding manner to toxic filtrates from fungus 
cultures. In no case was there any evidence of acquired resistance in the 
tomato seedlings. 

Attempts were made to discover whether plants infected by the pathogen 
will recover when the supply of toxin is interrupted. Plants that had been 
inoculated and grown in the greenhouse until wilting began were cut a 
few inches below the uppermost petiole and the tops placed in water. At 
this period the upper portion of the stem contained no mycelium, and thus 
the top could obtain no more toxin during the time it was in the water. 
All these plants recovered. But those plants whose stems were cut at the 
soil line and then placed in water never recovered. The fungus was well 
established in the lower portion of the stem and could therefore continue to 
produce more toxin, which resulted in the death of the plant. The recovery 
of the tomato plants when removed from the influence of the fungus or 
from the toxic filtrate indicates that the toxin itself probably does not per- 
manently disorganize the cell. The plant dies only after the disorganization 
of the water relations has proceeded far enough to bring about other changes 
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ill the physiology of the host. If the effect of the toxin is removed before 
that time, the tissues regain their normal function. An uninterrupted 
toxin supply seems necessary before permanent disorganization of the 
jirotoplast occurs. 

DISCUSSION 

Although toxins long have been suspected of playing an important role 
in vascular 'wilts, there has been no proof hitherto of their presence in the 
tissues of infected plants. The results of the present investigation and of 
a previous one by the writer, demonstrated such deleterious substances in 
the tracheal fluids of tomato plants wilted by Fusarium bulhigenum var. 
lycopersici. Moreover, the active constituent is definitely associated with 
the presence of the pathogen in the vascular tissues, for no toxins could be 
obtained in noninoculated plants that wilted because of lack of soil moisture. 
It was not possible, however, to determine whether the toxin is a metabolic 
product of the fungus or a reaction product of the host due to the presence 
of the fungus. In addition to causing wilting of inoculated plants the toxin 
apparently brings about a discoloration of the xylem similar to that observed 
by Humbold (45) when deleterious substances were injected into trees. 
Such symptoms also were observed by Overton (39) and Haskell (20) when 
stems were injured by steam, in which case Overton postulated that the 
toxins were a product of the dead cells. In the present investigation the 
toxins seem to be carried from the infected portion of the xylem to the leaves 
by the transpiration stream, as has been demonstrated by Free (17) for 
toxic minerals from the soil, because of the evaporation of the transpired 
water from the leaves. Free believed that the concentration of the toxin 
is increased until a derangement of the cell takes place. 

The toxins in tomato appear to disturb the water balance of the host 
plant. Normally, there is a critical balance between the intake and the loss 
of water by the plant. A similar ratio must also exist in the leaf tissues, 
so that wilting can occur either because of increased transpiration or 
decrease in absorption of water. The toxins produced in the plant would 
tend to reduce that ratio below the critical level. Apparent wilting may 
conceivably be due also to a loss of turgidity as a result of the excretion of 
water from living cells into the intercellular spaces. However, wilting 
never occurred in tomato plants when they were in the toxic fluids, pro- 
vided transpiration was prevented ; and plants that had previously wilted 
regained their turgidity under such conditions. These results help explain 
the prevalence of vascular wilts during hot, dry periods when the transpira- 
tion is so high and the absorption so low that the upset in water relations of 
the plant is easily carried beyond the point necessary for turgidity. They 
also may explain the diurnal wilting and recovery reported in diseased 
plants. These hosts might wilt in the daytime as a result of the accelerating 
effect of the toxin on the movement of water out of the leaves; they recover 
their turgidity in the night when the transpiration is decreased so that the 
absorption transpiration ratio is raised above the critical level. This peri- 
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odie wilting lasts only a few days because in infected plants the parasite 
constantly produces toxin, which eventually could reduce the ratio so much 
that even the nightly decrease in transpiration would not suffice to raise it 
above the critical level. Somewhat analogous conditions were obtained 
experimentally when wilted tomato seedlings were allowed to remain in 
toxic filtrates for a period of 5 hours ; when transferred to the moist cham- 
ber the seedlings did not regain turgidity, whereas those plants that were 
transferred sooner recovered temporarily. 

The results obtained by measuring cell permeabilities indicate that the 
toxins present in the tracheal fluids of diseased tomato plants increase the 
permeability of the cell to water. These results are in agreement with the 
observations of Thatcher (50) on tomato plants that had wilted in fungal 
filtrates. ’ ’ He observed a small increase in permeability for cells that had 
wilted when compared to the cellular permeability of turgid plants. There 
is a possibility that the increased permeability he observed may have been 
the result of the process of wilting and not its cause, for similar processes, 
such as drought hardening, also increase cell permeability (29). In the 
current investigation, to overcome this difficulty, small sections of healthy 
tissue were immersed immediately in plant fluids where wilting was impos- 
sible; and comparisons of cell permeabilities were between those placed in 
tracheal fluids from diseased plants and those placed in fluids from plants 
wilted because of insufficient soil moisture. Because of the increased 
transpiration at the time of wilting of pea plants, infected with Fusarium 
pis% Linford (31) also postulated an increased permeability in the fusarial 
wilt of peas. Yet, his data indicated that, prior to actual wilting, there is 
a reduction in transpiration. Such a reduction might not necessarily indi- 
cate that there is also an initial decrease in permeability, for it is known 
that incipient wilting is accompanied by a loss of turgor that would cause 
the guard cells to close (38) and thereby reduce transpiration. When true 
wilting occurs the guard cells open wide and transpiration sharply in- 
creases (36). 

The recovery of wilted seedlings when placed in water can be accounted 
for by the assumption of an inactivation of the toxin by the tissues. If the 
activity of the toxin permanently changed the permeability of the cell 
membranes the transference of wilted plants to water should not result 
in their recovery. Since the plants do regain their turgidity, the effect of 
the toxins is not lasting ; and one might assume that the toxins that caused 
the initial wilting may have been inactivated or combined in some manner 
in the host cells. A continuous supply of toxin is, therefore, necessary to 
keep the plant in a wilted condition. This condition results when seedlings 
are kept in the toxic tracheal fluids and when the pathogen in the infected 
plants continuously produces the toxins that are transported to the leaves. 

Very little is known concerning the nature of the tracheal toxins other 
than their stability to oxygen and perhaps to high temperatures. Spectro- 
graphic analyses have shown no correlation between the emission element 
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content of the tracheal fluids and the toxicity of these fluids to tomato 
seedling's. Greater promise for determining the toxic fraction lies in the 
fleld of bio-organic chemistry. Special attention should be given to the 
nitrogen^ and amine content of the toxic and nontoxic tracheal fluids to 
establish whether the toxic amine fraction found by Ahmet (1) and Gross- 
man (19) in the /^fungal filtrates’^ is also present in the tracheal fluids of 
diseased tomato plants. 


SUMMARY 

A dense mycelial growth of Fusarmm l)iilhigenum var. lycopersici was 
found in approximately 50 per cent of the vessels in the root and lower stem 
of wilted tomato plants, but no isolations of the fungus could be made from 
the top of the stem. 

Attempts to measure the effect of this occlusion on the movement of water 
through tomato stems were unsuccessful. 

Toxins are produced in culture by a large variety of fungi, including 
vascular parasites, root-rotting and leaf-spotting organisms, as well as 
saprophytes. 

The wilting of tomato plants infected with Fusarium 'hulhigemim var. 
lycopersici is correlated with the presence of a toxin in the tracheal fluid 
of the host. Infections that result in chronic wilt also bring about the pro- 
duction of toxins in the tracheal fluids. 

The toxins obtained from diseased tomato plants are stable to oxidation, 
and spectrographic analysis revealed no signiflcant differences between the 
emission-element content of fluids from the diseased and from healthy 
plants. 

The toxin increases the permeability of cells of the host plant. 

Plants that have been wilted by the toxic fluids will recover when placed 
in distilled water, while their subsequent removal to toxic fluids will again 
cause the loss of turgidity. 

The toxin disturbs the normal water relations of the plant. When the 
transpiration of seedlings that had been placed in the toxic tracheal fluids 
is prevented, wilting does not occur. Even wilted seedlings eventually 
regain their turgidity under these conditions. 
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ACUTE AND CHRONIC SYMPTOMS IN THE TOBACCO 
RING-SPOT DISEASE 

H. H. McKinneyi and E. E. Clayton 
(Accepted for publication June 20, 1943) 

INTRODUCTION 

Reports by Valleau (8), by McKinney (1) and by McKinney and 
Clayton (4) have emphasized that the tobacco ring-spot disease is charac- 
terized by two phases that may be regarded as being essentially acute and 
chronic, respectively. It has been reported also that the acute phase may 
be brief, followed by an extended chronic phase (1), or the acute phase may 
continue from infection to maturity of the plant (1) ; that these disease reac- 
tions are influenced by the age of the plant, the amount of inoculum intro- 
duced, and growth conditions (1, 4) ; that tobacco is a host of medium 
susceptibility (1) ; that Early White Spine cucumber is more susceptible 
than tobacco (4) ; that the chronic phase is attended by mosaic s^anptoms. 
more regularly in Early White Spine cucumber than in tobacco (4) ; and 
that the causal agent may be regarded as a mosaic virus (4) . 

The fact that the chronic phase of the ring-spot disease in tobacco usually 
is not attended by striking visible symptoms has led to the view that the 
progress of the disease differs fundamentally from the progress of the mosaic 
diseases. However, this view is not supported by all of the facts. One of 
the writers, McKinney (1), has taken the view that natural resistance in the 
commercial tobaccos is the chief basis for the usual lack of striking symp- 
toms in the leaves that appear during the chronic phase, and f or the delay 
in the onset of the chronic phase when the older plants are inoculated. 

These studies were carried out to provide information on several factors 
influencing disease expression, ie., age of plants, culture conditions, methods 
of inoculation, host genotype and host species. Limited tests were carried 
out to determine the effects of the virus on the weight of leaves or leaves and 
stems. 

MATERIALS AND METHODS 

The studies reported here were conducted chiefly with the following 
varieties and collections of tobacco ; Wisconsin-Havana Seed, Samsun 
(Turkish), T. I. 448A from Colombia and T.I. 706 from Honduras. Most 
of the work with ring spot was done with T.I. 448 A and other selections from 
this number for the reason that they are susceptible to it and are resistant 
to tobacco mosaic. This made it possible to avoid the troublesome confusion 
with the latter disease in the field. 

Tobacco ring-spot virus supplied by W. C. Price was used throughout 
the studies. Inoculations were made by various methods indicated through- 
out the text. The most active virus was obtained from the leaves of infected 
Gucumis Bativus L. var. Early White Spine. 

1 Aeknowledgmeiit is due Matthew Koerner for assistance in conducting the tests. 
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Plants were cnltured in the greenhouse, in pots, large pails, and large 
wooden boxes. In the field, the tests were conducted in the usual manner 
current in experimental work with tobacco. The soil was well suited to 
tobacco culture and a balanced fertilizer was applied at the beginning of 
the season. 

Virus assays were conducted on plants of bean, Phaseolus vulgaris L., 
var. Scotia and cucumber, var. Early White Spine. Extracts were applied 
to primary leaves or on cotyledons by means of the carborundum-wipe 
method. Temperatures were maintained near 33° C. for 24 to 48 hours 
after inoculation. After this period the ordinary greenhouse temperatures 
were maintained. 

Primary lesions tend to be irregular on both test plants and, therefore, 
most comparisons vrere based on the number of plants developing secondary, 
acute symptoms. Cucumber was favored as the test plant as it provided 
large quantities of active virus from the chronic mosaic leaves, whereas in 
the bean the systemic infection induces necrosis and death. These tissues 
and the primary lesion tissue yield less virus than the leaves from cucumber 
plants. 


RESULTS ON TOBACCO 

Influence of Age of Plants and Culture Methods on 
Symptom Expression 

Early in the studies on the ring-spot disease, it was observed that irregu- 
larities occurred in symptom expressions from test to test. Many of these 
observations suggested that the age of the plants and culture conditions 
might explain some of these irregularities, especially as it appeared that 
tobacco does not rank very high as a suscept. 

An experiment was carried out to determine the effects of age and the 
vigor of growth of the plant on the expression of primary acute (local 
necrotic lesions and ring spots) and secondary acute symptoms (systemic 
necrotic lesions, ring spots, and oak-leaf patterns) . Three types of tobacco 
were used. Two ages and three ages were grown in three different sizes of 
soil containers as indicated in table 1. 

Fertile composted soil was used throughout. The plants were grown in 
a greenhouse shaded with whitewash during the late summer. All plants 
were inoculated at the same time (Aug. 15) with nondiluted virus extract 
from heavily infected leaves of Scotia bean plants. Each tobacco plant was 
inoculated by wiping 4 top leaves, the topmost one ranging from 65 to 90 
mm. long. There were 4 plants in each test group. At the time of inocu- 
lation the plants growing in the 6-inch clay pots were definitely pot-bound, 
those in the 8-ineh clay pots were showing slight effects from potbinding, 
whereas plants growing in the boxes were almost as vigorous as those cul- 
tured in the field. The final data were recorded Sept. 6 when some of the 
plants had started to flower. The results are given in table 1. 
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These boxes contained H cu. feet of soil per plant. 
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TJie data show that the pot-bound (retarded) plants were most resistant 
to the expression of acute symptoms. In all cases the most vigorous plants 
(cultured in boxes) showed the most severe symptoms. In no instance were 
the oldest plants the most susceptible. These results have been verij&ed 
many times in numerous tests bearing on other phases of the problem. 

Nonthrifty and older plants that manifested no signs of primary necrotic 
lesions sometimes did manifest obscure signs of local infection on the wiped 
leaves. Examination of such leaves by diffuse transmitted light, especially 
in a darkened room, revealed occasionah light-green circular zones as illus- 
trated in figure 1. 



Pig. 1. Portion of leaf of Samsun tobacco illustrating one of tlie occasional primary 
light-green zones occurring when leaves on pot-bound plants are wiped with tobacco ring- 
spot virus. Photographed by transmitted and reflected light, x 2. 

In table 1 it will be observed that T.I. 706 was more resistant than T.I. 
448A and Samsun. Many tests have shown this resistance in T.I. 706. 
The difference in resistance between T.I. 448A and Samsun has been less 
consistent, but from observations made over a period of time, it appears 
that T.I. 448 A is the more susceptible. This is an especially desirable 
tobacco for the ring-spot studies because it is highly resistant to the common- 
mosaic virus and its mutants (2, 3). The chlorotic patching, which Valleau 
(8) reported, has not been observed in the chronic diseased leaves of Samsun 
tobacco plants grown in these tests. 

Samsun and T.I. 706 are highly susceptible to the common-mosaic virus 
and its mutants, in that they sustain a very high level of virus synthesis. 
Both tobaccos are highly tolerant, however, especially in the chronic phase 
and they complete their life cycles under ordinary culture conditions, in 
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spite of reductions in the chlorophyll. The secondary acute symptoms in- 
duced by the ring-spot virus in tobacco are frequently similar to those 
induced by alfalfa-mosaic virus IB (10). 

When young tobacco plants are inoculated with sufficiently active virus, 
the acute phase of the ring-spot disease tends to involve but 1 to 4 consecu- 
tive leaves above the point of inoculation and the onset of the chronic phase 
is hastened and, therefore, this phase involves the great majority of the 
leaves of the mature plant. On the other hand, when older vigorous plants 
are inoculated, the number of leaves on the mature plant that show the acute 
and chronic phases may be about equally divided or the acute phase may 
continue on ail the leaves until the plant matures without the chronic phase 

TABLE 2 . — Tile influence of age of toloacco plants inoculated with ring-spot virus, on 
the number of leaves in the secondary acute phase and in the chronic phase of the ring- 
spot disease in TJ. 448A tobacco. Inoculation was by the wiping method and plants 
were cultured in adjacent plats in the field.... The same lot of inoculum was used throughout 


Leaves with indicated symptoms and ^ ^ skip ^ ’ leavess in plants inoculated when 


Plant 

No. 

42 days old 

63 days old 

Secondary 

acute 

symptoms 

''Skips’’ 

Chronic 

symptoms 

Secondary 

acute 

symptoms 

" Skips 

Chronic 

symptoms 


Number 

Number 

Number 

N limber 

Number 

Number 

1 

1 

0 

40 

35 

6 

0 

2 

4 

0 

38 

36 

4 

0 

3 

3 

0 

1 41 

13 

6 

20 

4 

2 

0 

. 42 

19 

1 

19 

5 

5 

0 

i 36 

16 

1 

- 22 

6 

1 

0 

! 43 

37 

0 

0 

■7 

3 

0 

44 

24 

4 

11 

8 

4 

0 

38 

19 

1 

11 

9 

4 

0 

39 

11 

0 

30 

10 

3 

0 

40 

33 

7 

0 


a See table 4. In this test most of the ^ ^skips’’ were near the zone of inoculation. 
Leaves below the inoculated leaves were disregarded, as they did not show symptoms. 


becoming evident. In either case, however, when the older plants are inocu- 
lated, there may be a number of '' skips among the leaves that show the 
acute symptoms. Representative data in table 2 illustrate this. 

The differences in reaction of young and old plants to the virus seems 
to be accounted for on the basis of resistance that increases with age, as it 
appears that virus invades the very young tissues and possibly the growing 
point most readily in young plants. 

Effect of Inoculation Methods on the Type of Symptom Expression 

Many inoculation tests made by the wiping method have shown that fine 
carborundum powder (600 grain) materially increases the expression of the 
primary and the secondary acute symptoms. A typical experiment is cited. 

2'^gliips^^ are leaves free of acute symptoms but flanked by leaves with acute 
symptoms. 
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On August 21, 1941, 55 vigorous healthy plants of T.I. 706 and 6 plants 
of Samsun, all from 8 to 10 inches tall, growing in a field plat, were inocu- 
lated. The virus extract was obtained from freshly collected leaves of T.I. 
448 A tobacco, all of which had severe acute symptoms of the ring-spot dis- 
ease. They were clipped and pressed under hydraulic pressure and the 
extract was used without dilution. Alternate plants in each row of 8 to 10 
plants were inoculated without carborundum by wiping the virus extract 

TABLE 3. — Increased infection with the ring-spot virus when carhorundum powder 
was dusted on leaves before wiping with virus extract. Samsim (TurMsh) tobacco plants 
used. The degree of the acute reaction is given for each leaf above the inoculated leaves 
on each plant to illustrate the irregularities leaf by leaf, especially when the amount of 
initial virus entering the plant is small. Data were tahen at maturity of plants 


Leaves 


Degree of secondary acute reaction in each leafa inoculated 


numumtsa 

upward 
from above 
those 

inoculated 

Without carborundum 

Plant No. 

With carborundum 

Plant No. 

! 1 

3 

s 1 

2 

4 

6 

25 






75 

24 


0 




100 

23 


0 

' 


0 

90 

22 



0 1 


100 

25 

100 

21 


0 ' 1 


100 

100 

100 

20 

0 

0 

0 

100 

75 

90 

19 

0 

0 

0 

100 

100 

100 

18 

0 

0 

0 

100 

100 

100 

17 

0 

0 

0 

100 

90 

85 

16 

80 

0 

80 

100 

100 

100 

15 

0 

0 

0 

100 

40 

30 

14 

1 

0 

1 

100 

100 

5 

13 

5 

0 

5 

100 

90 

100 

12 

0 

5 

0 

100 

95 

25 

11 

10 

0 

10 

100 

100 

40 

10 

0 

0 

0 

100 

95 

30 

9 

0 

0 

0 

75 

95 

1 

8 

40 

0 

‘ 40 

75 

60 

60 

7 

0 

0 

0 

40 

90 

1 

6 

0 

0 

0 

30 

50 

1 

5 

0 

0 

0 

50 

5 

10 

4 

0 

0 

0 

20 

75 

3 

3 

0 

0 

0 

30 

5 

1 

2 

0 

0 

0 

5 

0 

0 

1 

" 0 

0 

0 

25 

0 

0 


a The plants inoculated without carborundum and with carborundum developed 7 and 
46 primary lesions per plant, respectively. The values in the columns are percentages of 
severity based on a rating of 100 for a leaf with the most severe reaction as illustrated 
in figure 2, B. 

on 4 top leaves of each plant, which leaves ranged from 4 to 12 inches long. 
The wiped leaves were rinsed with water. The remaining plants in the row 
were then inoculated by the carborundum-wipe method and rinsed with 
water. Thus, except for the carborundum, the inoculation procedure and 
the inoculum were the same in both sets of plants. Leaves of the same size, 
within narrow limits, and in the same position, were inoculated throughout. 

The advantage gained from carborundum powder is clear from the sum- 
marized data in table 3. Although fresh nondiluted virus extract was 
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used, the number of primary lesions was exceedingly small. This may be 
explained in part by cool weather conditions that prevailed for a few days 
after inoculation. Data from the T.I. 706 tobacco plants are not presented, 
but they were consistent with those obtained from the Samsun plants. 


Pig. 2. Leaves of T.I. 448A tobacco showing weak (A) and severe (B) secondary 
acute symptoms of the ring-spot disease resulting from inoculations with extracts of low 
and high virus activity, respectively. These leaves were tenth above the inoculated 
leaves, x i. 

In table 3 the data for each leaf on 6 Samsun tobacco plants are pre- 
sented to show the irregularity that occurs in the expression of secondary 
acute symptoms. These data illustrate the ‘‘skip’’ leaves referred to in 
table 2. Weak expression of acute symptoms and the number of symptom- 
free leaves has been associated with inoculation methods that favor the entry 
of small quantities of virus, and also with old plants and reduced vigor. 
Weak and severe secondary acute symptoms are illustrated in figure 2. 
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Another inoculation test was undertaken with a view to getting the great- 
est possible quantity of the ring-spot virns into the stem tip. In the resis- 
tance studies with TI. 448A against the common-mosaic virns (3) and its 
yellow-mosaic mutants, it was found that ‘‘skip’’ leaves occurred. Fre- 
quently it was found that virus-free leaves were flanked by leaves carrying 
virus. Experience gained from the study of mosaic-resistant tobacco and 
related species leads to the belief that “skip” leaves can be regarded as good 
evidence of certain types of resistance in host plants when optimum culture 
conditions prevail. 

All of the circumstantial evidence indicates that tobacco does not support 
a very high level of synthesis for the ring-spot virus, and, as a consequence, 
small amounts of the virus introduced into the plant do not incite a huge 
production of virus that quickly invades the plant. In order to counteract 
the natural resistance of the plant — within limits — it is necessary to intro- 
duce large amounts of virus in the inoculum. 

Observations on the behavior of the ring-spot disease and preliminary 
assays for virus activity have supported Valleau’s (8) view that the expres- 
sion of the chronic phase probably depends on infection in or very near the 
primordial meristem. Accordingly, tests were conducted by methods that 
seemed most likely to force adequate amounts of virus into this region, and 
thereby favor the early onset of the chronic phase. Since plants of ad- 
vanced age resist the chronic phase to a greater degree than young plants 
(table 2), tests were conducted with vigorous healthy plants 56 days old 
from the time of seeding, to determine if the appearance of the chronic phase 
can be hastened when the virus is introduced directly into the tip of the stem 
by means of a fine dissecting needle. Fifteen plants of T.I. 448A were in- 
oculated in this manner with fresh active virus extract from cucumber and 
a like number of plants were inoculated by wiping the same virus extract on 
one leaf, from 75 mm. to 105 mm. long, at the top of each plant. Culture 
was in 6-inch earthen pots in a greenhouse. 

In the series inoculated in the stem tips, 3 plants failed to show^ symp- 
toms, 12 developed acute symptoms on 8 to 11 leaves per plant, and in 10 
of these the acute symptoms were very severe. At the end of a 40-day period 
all 12 infected plants had passed well into the chronic phase. On the basis 
of leaf counts made in the dissected tips of plants in a similar stage of devel- 
opment as those inoculated, it appears likely that all, or nearly all of the 
leaves with acute symptoms were formed at the time of inoculation in the 
series inoculated in the stem tip. 

In the series inoculated by wiping, all plants developed acute symptoms; 
in 13 plants the symptoms became severe, and in 2 plants they were weak. 
At the end of the 40-day period, the chronic phase had not appeared in any 
of these plants. The tip inoculation method was used in several tests and 
found to be erratic. Acute symptoms either failed to appear or they were 
very mild. Subsequent tests have indicated that the virus should be intro- 
duced very close to the growing point. 
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Since large quantities of virus influence the expression of acute symp- 
toms so greatly (table 3), it was decided to amputate some of tlie apical 
leaves in aging plants and then inoculate leaves directly below the ampu- 
tated zone with very active virus extracts. It seemed reasonable to believe 
that when the virus was deprived of access to several leaves, part of the 
large quantity of virus present in the wiped leaves would get into the apical 
zone sooner than if the larger apical leaves were left intact. 

Leaves 3 to 4 mm. long and smaller were allowed to remain on the stem 
tip and the 5 or 6 leaves below these, which were from 10 to 60 mm. long, 
were carefully removed. This procedure was carried out on alternate plants 
in the rows in the field, the remaining plants serving as controls. In all, 70 

TABLE 4. — Bata showing the influence of the amount of virus entering the wiped 
leaves, and also the influence of amputation of S or 6 small leaves near stem tips of inocu- 
lated plants on the expression of the acute and the chronic symptoms of the ring-spot 
disease in tohacco. No, T.I. 448A cultured in the field 



Virus from cucumber 
leaves 

Virus from tobacco 
leaves 

Items 

No leaves 
amputated 

5 or 6 
leaves 
amputated 

No leaves 
amputated 

5 or 6 
leaves 
amputated 

Plants inoculated (number) 

19 

18 

15 

15 

Primary lesions per cm.2 of leaf 
surface inoculated (number) 

1 

1 

00.02 

00.02 

Plants with secondary acute symp- 
toms (number) 

19 

18 

5.0 

14.0 

Plants manifesting the chronic 
phase (number) 

6 

17 

0 

0 

Leaves per plant above amputated 
leaves (average number) a 

24.21 

29.16 



Leaves occurring in the acute 
phaseb (per cent) 

90.66 

55.41 



‘‘Skip’’ leaves appearing in acute 
phasec (per cent) 

6.70 

00.00 



Leaves appearing in the chronic 
phase (per cent) 

9.33 

44.58 




a In the nonamputation control, the leaves corresj)ondiiig to those amputated are not 
included in the counts. Leaves on main floral axis are included, 
b The ‘ ‘ skip ^ ^ leaves were included. 

cThis percentage is based on the number of leaves in the acute phase, but the other 
percentages are based on the number of leaves above the zone of leaf amputation. 

vigorous plants of T.I. 448A, 63 days old from seeding, were used. Inocu- 
iation was by the carborundum-wiping method. Four leaves, from 8.0 to 
25.0 cm. long, and directly below the amputated leaves, and equivalent leaves 
on the controls, were inoculated and then rinsed with water. Fresh concen- 
trated virus extract from infected cucumber leaves was diluted in 3 volumes 
of M/100 phosphate buffer at pH 7.0 (6) and used to inoculate 40 of the 
plants, and fresh concentrated virus extract from Samsun tobacco leaves in 
the chronic phase and diluted in 1 part of buffered solution, was used to 
hioeulate the remaining 30 plants. 

The results of this test are presented in table 4. The activity of the 
virus from cucumber was much greater than that of the virus from tobacco. 
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This is reflected in the number of local infection cites (primary lesions) and 
in the expression of the secondary acute symptoms. 


Where the more active inoculum was used, primary lesions appeared 2 
days after inoculation and in the nonamputated controls, the secondary 
acute symptoms appeared 6 days after inoculation in the leaves that corre- 



Fig. 3. Leaves of T.I. 448 A tobacco, A, healthy and B, with mosaic mottling in the 
chronic stage of the ring-spot disease developed during cool periods. Photographed with 
transmitted and reflected light, x i. 


sponded to those removed in the amputation series. In the amputation 
series, the secondary acute symptoms appeared in the new apical leaves 10 
days after inoculations, and within 2 days the symptoms on these leaves 
were the most severe ever observed by the writers. For a period of 10 days 
the secondary acute symptoms were clearly more severe in the amputation 
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series than in the control. As the plants developed, the severity of the acute 
symptoms in the amputation series tended to become less in the new leaves, 
but there were few new leaves with reduced symptoms, as the chronic phase 
started to appear 10 days later (20 days after inoculation) . During periods 
of cool weather, chlorotic patches and mosaic mottling appeared in leaves 
10 to 20 cm. long on the plants that manifested the chronic phase. The 
chlorotic patches resembled those illustrated by Valleau (8), and the type 
of patching or heavy mottling that is characteristic of tobacco mild dark- 
green mosaic. A rather typical mosaic mottling is illustrated in figure 3, B. 
A distinct mosaic virus could not be isolated from these and similar leaves. 
Throughout the work it was observed that in plants of T.I. 448A (tobacco) 
grown in the field, the chlorotic patching and mosaic mottling tended to be 
most prevalent in the first 4 to 8 leaves with chronic symptoms. In table 4 
it will be noted that no ^‘skip’’ leaves appeared in the amputated series. 

Where the less active virus from tobacco was used, the secondary acute 
symptoms were delayed, appearing 20 days after inoculation. The symp- 
toms were very weak in the lower leaves, but they tended to increase progres- 
sively in the new leaves until they were moderately severe in the upper por- 
tion of the plants. Chronic symptoms failed to appear in any of the plants, 
but the data in table 4 show that amputation of the small leaves favored 
secondary acute symptoms. 

In the amputation series inoculated with the highly active virus from 
cucumber, it is reasonably certain, from gross dissections made on similar 
plants, that more than half of the leaves that developed acute secondary 
symptoms were differentiated by the time virus entered the apical zone. 
Microscopic studies might have revealed a greater number of differentiated 
leaves. 

This test indicates that the proximity of large quantities of the virus to 
the stem apex favors the expression of the chronic phase of the ring-spot 
disease. The small leaves directly above the amputated leaves developed 
the most severe acute symptoms ever noted by the writers, thus a large reser- 
voir of virus was established close to the growing point, making it possible 
for the virus to surmount some form of natural resistance and enter very 
young leaves in quantity. The results of this test and the results obtained 
from the needle inoculations made directly into the stem tips, are in general 
agreement. 

Although it is not the purpose of the present study to determine the 
relative quantities of ring-spot virus in different tissues, certain preliminary 
tests have been made, and the results are summarized. 

‘‘Skip” leaves varied with respect to the presence of detectable virus. 
Some contained detectable virus, whereas others did not. In leaves mani- 
festing mild and moderate secondary acute symptoms, most of the normal 
green tissue is at first free of detectable virus, but later on virus enters some 
of these areas. In a general way, this resistance in leaves with the sec- 
ondary acute symptoms of the ring-spot disease is suggestive of the resis- 



1944] McKinney and Clayton: Tobacco King-Spot Symptoms 71 

tance sliown in leaves of tobacco T.I. 448 A against common-mosaic vims 
(wild type) and its yellow-mosaic mutants (3). However, tbe level of 
resistance is higher against the mosaic viruses than it is against the ring-spot 
virus. 

Tobacco plants with the mild acute symptoms of ring spot apparently 
have no detectable virus in the stem apex ; in plants with the severe acute 
symptoms, virus was detected in the stem apex, but at much lower concen- 
tration than in the ring-spot tissue of the leaves. In plants in the chronic 
stage, virus-activity tests were made on the stem tips^ and on a series of 
leaves dissected from the tip. The virus activity tended to be slightly 
greater in the stem tips than in the leaves. The onset of the chronic phase 
may be determined by a relatively high level of virus activity in the stem 
tip rather than by mere presence of virus in that region of the stem. 

Leaves 24 to 40 cm. long and produced during the chronic stage were 
sampled by means of cork borers. Each small disc was assayed separately 
on 2 to 10 cucumber seedlings. Thirty-one discs 11 to 19 mm. in diameter 
from three leaves were tested and virus was present in each. Sixty-six discs 
4.5 mm. in diameter were taken from three other nearly mature leaves and 
tested. All but 5 of these contained virus. These results indicate that 
invasion is almost solid in the leaves produced during the chronic phase, yet 
the resistance of this tissue is so high that visible signs of disease are absent 
at temperatures that favor symptoms in a more susceptible host, such as 
cucumber, and in tobacco when infected with common mosaic virus. 

Owing to a very large experimental error in the methods used for assay- 
ing the ring-spot virus, further study is necessary before critical interpre- 
tations are possible from assay data. Studies on the apical stem tissues are 
very difficult in Samsun and T.I. 448A tobacco. Preliminary work indicates 
that Maryland Mammoth tobacco offers possibilities for more accurate stud- 
ies because of the unusually large size of the apical zone, and on account of 
its indeterminate vegetative growth when cultured in a long photoperiod. 

Weight of Tobacco Leaves and Plants as Influenced by the 
King-spot Disease 

During the season of 1941, 36 plants of T.I. 448A tobacco were grown 
in the field in three row^s of 12 plants each. Four plants in each row were 
used as noninoculated controls and the other 24 plants were inoculated. The 
soil was uniform, and well adapted for commercial tobacco culture, and the 
plat was practically level. 

On July 3 when the plants were 25.0 to 35.0 cm, tall, they were inocu- 
lated by wiping virus extract on 4 top leaves, 8.0 to 25.0 cm. long. No car- 
borundum was used. The inoculum consisted of an extract from infected 
primary leaves of Scotia beans diluted in 4 parts of phosphate buffered 
solution. 

The controls remained free of ring spot and other diseases. The inocu- 
lated leaves developed primary lesions at the rate of about 1 lesion per 
3 stem tips ineluded all differentiated leaves np to 20 mm. long. 
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square centimeter of surface. All plants developed severe secondary acute 
symptoms, 5 plants failed to show the chronic phase, whereas in the remain- 
ing 19 plants, the chronic phase appeared in from 11 to 31 top leaves. 

Owing to the severity of the acute reaction, it was not possible to obtain 
the information desired on the chronic phase. However, the yield data do 
show the marked reduction caused by the acute symptoms. 

Leaves were harvested at three periods during the season, beginning 
above those inoculated on each plant, when the leaves had attained their full 
development. Thirty market-type leaves were obtained from each plant in 
the control and in the inoculated series. 

At each harvest the yield (green weight) from the controls was almost 
double that from the diseased plants. The average total yield in the con- 
trols was 1.004 kilograms per plant, and in the infected series it was 0.502 
kilograms per plant. 

During the season of 1942, 30 plants of T.I. 448A tobacco, grown in the 
field, were prepared for a yield test on the chronic phase of the disease, but 
the inoculum used proved to be too weak. All the plants developed primary 
lesions, but only 24 developed weak secondary acute symptoms, one of which 
developed the chronic stage late. Six plants gave no signs of systemic in- 
fection. Eather than lose the entire season, another test with 30 plants of 
the same variety of tobacco, similarly grown, was prepared as soon as it 
became evident that a w^eak inoculum had been used. Fifteen of these 
plants in the second series were inoculated. As they were very young 
when inoculated, they developed the chronic phase quickly. The acute 
phase involved only 1 to 4 of the lower leaves per plant. 

During the season it was noted that the infected plants were not so 
robust as the controls. As the season advanced, there was some irregularity 
in the vigor of all the plants, but the controls averaged the more robust. 
Just before flowering, the plants were harvested and each plant, stem and 
all leaves, was weighed. 

The healthy controls gave an average green weight per plant of 1.483 
kilograms, whereas the infected plants gave an average weight per plant 
of 1.034 kilograms. Although the infected plants manifested no acute 
symptoms after they were transplanted to the field, they showed a 30.28 per 
cent reduction in yield. 


RESULTS WITH CUCUMBER 

A limited survey of varieties of cucumber {Cucumeris saiivus L.) indi- 
cated that young plants of the variety Early White Spine are very suscep- 
tible to the tobacco ring-spot virus. When inoculated with nondiluted 
native virus and cultured at warm temperatures, young plants are usually 
killed. It was found that mosaic mottling (Fig. 4) occurred in the chronic 
phase more regularly and at somewhat higher temperatures than in tobacco. 
This mosaic is readily confused with the mosaics induced by the cucumber- 
mosaic viruses, and with alfalfa mosaic virus lA in cucumber (10) . 
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During the summer of 1942, ten Early White Spine cucumber plants 
were grown in rich soil in large, deep, ground beds in a greenhouse without 
shade. Five of these plants were inoculated when they were small with 
tobacco ring-spot virus and the others left as controls. 



Fig. 4. Leaves of Early White Spine cucumber. Healthy leaf upper left. Leaf at 
right of healthy leaf has primary lesions, other leaves show various expressions of secon- 
dary chlorosis and mosaic mottling during the chronic phase of the ring-spot virus infec- 
tion. xi. 

All inoculated plants developed severe acute symptoms, and mosaic ap- 
peared at intervals on the new leaves throughout the season (Fig. 4). The 
control plants remained free from all diseases until at the end of the test 
when powdery mildew appeared. Throughout the season, the control plants 
were much more robust than the inoculated ones, and the latter gave no signs 
of improved vigor as they developed. Fruit was removed from the vines at 
intervals throughout the season, and at the end of the season the vines only 
were weighed. 


TABLE 5. — Data showing reduced yield caused dy the tobacco ring-spot virus in 
Early White Spine cucumber plants grown in ground beds of fertile soil, in a greenhouse 
without shade, during the summer months, 1942 


Items 

Healthy 

Diseased 

Average weight per plant without fruit 

Average width of largest leaf per plant 

Average length of longest petiole per plant 

Average diameter of longest petiole per plant 

Average length of longest runner per plant 

8.6a kg. 

22.13 cm. 

29.50 cm. 

8.33 mm. 

3.45 m. 

0.288 kg. 

13.34 cm. 

7.90 cm. 

5.50 mm. 

1.63 m. 
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The results of this test are given in table 5 and show that the ring-spot 
virus reduced the green weight of the plants about 97 per cent. This re- 
duced weight was reflected in the smaller size of the leaves and in shorter 
length and smaller diameter of the runners. 

RESULTS ON BEAN 

In Phaseokis vulgaris L., var. Scotia, the ring-spot virus induced local 
lesions on the wiped primary leaves. At temperatures near 33° C., systemic 
infection was more rapid than at 22.5° C., and acute necrosis involved the 
secondary leaves, stem, and entire plant, causing death. 

RESULTS ON PANSY 

Pansy plants {Viola tricolor, var. Swiss Giant) were inoculated by all 
the methods used with tobacco and cucumber, and very active virus extracts 
were used as inoculum. The virus entered the plant readily when the leaves 
were wiped, but no signs of infection appeared on the wiped leaves. Occa- 
sionally vein clearing appeared in the new leaves, but no other signs ap- 
peared. The virus remained in the infected plants as long as they could 
be kept alive in the greenhouse. These tests have been repeated many times 
and always the same results were obtained. These results are at variance 
with those reported by Wingard (9). 

DISCUSSION 

The ring-spot disease and the yellow mosaic disease (5) in Samsun 
(Turkish) tobacco — each manifest an acute stage with pronounced symp- 
toms and a chronic stage with reduced symptoms. Leaves well differen- 
tiated at the time of invasion show acute symptoms while leaves that are 
invaded at or near the time of their differentiation show chronic symptoms. 
However, the two diseases represent different levels of disease expressions. 
In the ease of the yellow-mosaic disease the level of plant resistance was so 
low that in the chronic phase the reduced disease reactions were still very 
marked, whereas, with the ring-spot disease the level of resistance was so 
high in Samsun tobacco that ring-spot and mottling were not observed in 
the chronic diseased leaves. This reduced severity of the ring-spot disease 
was reflected in other varieties of tobacco, including genotypes that are 
highly resistant to tobacco mosaic. However, in some of these varieties and 
genotypes chlorosis and mosaic mottling appeared in certain chronic ring- 
spot diseased leaves at moderately low culture temperatures. 

In pansy, resistance was so great that typical ring-spot symptoms were 
not apparent in any form, even though virus invaded the plant. However, 
in Early White Spine cucumber, the level of resistance to the ring-spot virus 
was sufficiently low to enable the expression of mosaic symptoms throughout 
most of the chronic phase. 

Kesistance to the ring-spot disease in tobacco was evidenced further by 
the fact that large amounts of virus and ideal culture conditions were neces- 
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sary to insure good acute reactions, especially in plants beyond the juvenile 
stage; and in such plants, the chronic phase appeared irregularly or not at 
all unless measures were taken to force large quantities of the virus into the 
very young apical tissues. It seems apparent that the level of virus syn- 
thesis is relatively low and that virus enters the meristematic tissue with 
difficulty. However, when virus does get into this tissue in sufficient quan- 
tity, perhaps into the apical cell, the subsequent young leaves manifest sur- 
prisingly few areas that are free from detectable virus. Since it appears 
that the characteristic masked or modified reaction of these leaves to the 
virus is predetermined by a high level of natural resistance in the very 
young tissues at the time of invasion, we are not at liberty to refer to these 
leaves as having recovered from the disease. 

When these chronic diseased leaves were wiped with active ring-spot 
virus, they did not produce the primary acute reactions (necrotic lesions 
the ring spots) that resulted when healthy thrifty leaves were wiped with 
virus. The same results were obtained when yellow-mosaic virus was wiped 
on the chronic yellow-mosaic leaves on plants from the cross (Nicoiiana 
tahacumxNicotiana longi flora xN, taiacum (5). To expect these inocu- 
lated chronic-diseased leaves to react in the same manner as do inoculated 
healthy thrifty leaves would be contrary to logical expectations based on 
the evidence set forth in the studies on yellow mosaic (5), and to refer to 
this phenomenon as acquired immunity merely confuses the issue. 

The growth-phase phenomena in the vertebrates differ so greatly from 
those in the seed plants, that the drawing of analogies (7) from either is 
extremely hazardous. The individual leaves of a tobacco plant possibly are 
comparable in a way to individual animals, but even this analogy is rather 
^^far fetched.’’ The practice of regarding the suppression of apparent 
symptoms in chronic diseases as acquired immunity, seems to accomplish 
nothing and it tends to obscure the more tangible lines of attack on the prob- 
lem of disease expression and natural resistance in relation to developmental 
changes in the individual and to the gene mechanism. 

Divisions of Cereal Crops and Diseases and Tobacco Investigations, 
Bureau op Plant Industry, Soils, and Agricultural Engineering, 
Agricultural Research Administration, 

U. S. Department of Agriculture. 
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LATENT VIRUS OF DODDER AND ITS EFFECT ON 
SUGAR BEET AND OTHER PLANTS 

C. W. Bennett 
(Accepted for publication June 16, 1943) 

INTRODUCTION 

111 the spring of 1938 dodder, Cuscuta calif ornica Choisy, -was collected 
from a number of plants of a desert shrub known as California buckwheat, 
Eriogonum fasciculahcm Benth., near Riverside, California, and placed on 
healthy sugar beets in the greenhouse preliminary to use in transmission 
experiments with the virus of sugar beet curly top. Within 10 to 15 days 
after the dodder began to grow on its new host, the sugar beet plants began 
to develop a type of chlorotic spotting or mottling that resembled somewhat 
that produced by some phases of common beet mosaic. However, the chlo- 
rotic areas were smaller, more uniform, and more intensely yellow than those 
commonly produced by beet mosaic and the leaves of affected plants were 
deformed. In further tests it was found that C. calif ornica, parasitizing a 
number of desert species, was infected by a virus capable of producing these 
symptoms. 

The virus is so unusual in its manner of occurrence and in the type of 
symptoms produced on sugar beet that it seemed worthwhile to make a more 
detailed study of its characteristics and host range. As will be shown, these 
studies revealed that a wide range of economic plants is susceptible to infec- 
tion but the disease with its peculiar symptomology that would enable recog- 
nition has not been found in the field on any of these susceptible economic 
plants. 

SYMPTOMS AND HOST RANGE 

The host range of this virus, under desert conditions, has not been studied 
extensively. The virus was recovered only from dodder. Cits cut a calif or- 
nica, on which it produced no recognized symptoms of disease. No evidence 
of a diseased condition was found on any of the host plants on which infected 
dodder was growing. No virus was obtained from California buckwheat, 
Eriogonum fasciculatum, that had been parasitized by infected Cuseuta 
calif ornnica and additional evidence obtained under greenhouse conditions 
indicates that this common host plant of dodder is immune from the virus. 
No other desert host plants of dodder were tested for presence of virus. 

Using dodder as the agent of transfer, the virus was transmitted to 
several crop plants and to a number of common weeds. The symptoms of 
disease varied considerably on different host plants, but, since a type of 
mottling was more or less typical on most of the known susceptible species, 
the disease may be classified as a mosaic. The name Dodder latent mosaic 
is suggested for the disease. Representative symptoms are described on the 
following plants. 
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S%cgar Beet {Beta vulgaris L.). First symptoms appeared usually on 
young leaves and consisted of more or less circular yellowish spots of various 
sizes. Spots were separate or confluent and in some instances affected leaves 
were almost completely yellow. Leaves producd later had less yellow color 
and the chlorotic spots were more widely scattered and larger, producing a 
mottled condition. Typically diseased leaves in early stages of attack are 
shown in figure 1. 


Hio. 1. Early symptoms of disease on leaves of sugar beet plants inoculated by means 
of Cuscuta calif ornioa. 

Leaves with the more severe symptoms were somewhat dwarfed, some- 
times crinkled with irregular margins. Usually, new growth of the affected 
plant ceased to show symptoms after 6 to 8 leaves were produced. In rare 
cases this recovery from symptoms was not complete and faded areas were 
observed on leaves produced several weeks after infection. In most cases, 
however, plants completely recovered and no symptoms were evident on 
subsequent growth and the virus did not appear to interfere seriously with 
further development under greenhouse conditions. 

Cantaloiipe (Cucumis melo L., var. Rocky ford). Leaves 2 to 3 cm. in 
diameter usually were the first to show symptoms, although yellow spots 
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appeared first on older leaves in some instances. On the younger leaves, 
chlorotic spots 2 to 3 mm., or more, long and about 1 mm. wide were pro- 
duced on the veins. In places the growth of the veins was markedly re- 
tarded, resulting in a curled and twisted condition of the affected leaf. 
Chlorosis and necrosis increased as the leaf matured, and at maturity the 
leaf was about half normal size. Sometimes such leaves died prematurely. 
Two to four leaves show^ed these characteristics, but the severity of the 
symptoms decreased as more leaves were produced until a chronic condition 
was reached in which leaves, although somewhat reduced in size, were more 
or less normal in shape. Spotting of the type shown in figure 2 continued 



Eig. 2. Chronic symptoms of disease on cantaloupe, var. Eoekyford. 


to be produced. The chlorotic spots were small but rather numerous and 
more conspicuous after the leaf was more than half grown. As the leaves 
became older, the chlorotic spots sometimes became necrotic in the center. 

Plants inoculated in the greenhouse and transplanted to the field grew 
slowly and produced vines only about two-thirds as long as those on non- 
inoculated check plants. Leaves were much smaller than on normal plants 
and the melons were small and of poor quality. This evidence indicates 
that the latent virus of dodder is capable of causing a serious disease of 
cantaloupe if an efficient vector be available. 

Potato {Solanum tuberosum L,). On potato plants of the White Rose 
variety, circular, dark, necrotic lesions 1 to 3 mm. in diameter were formed 
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on half -grown leaves 10 to 15 days after inoculation. The necrotic spots 
were sparse on some leaves, but more often they were abundant and more 
or less confluent. Some of the leaflets on which necrotic spots were numer- 
ous died before attairdng maturity. In some cases, especially in the early 
stages of attack, the disease was more severe on one side of the leaf than on 
the other, resulting in the curving of the midrib and in death of some or 
all of the leaflets on the more severely affected side (Pig. 3, A). 

Kecovery from symptoms began to take place after 6 to 12 diseased leaves 
had been produced. In the initial stages of recovery necrosis became less 
marked; leaves were smaller, and mottling of the type shown in flgure 3, B, 
involving chlorotic areas of various sizes and shapes with ill-deflned margins. 



Tig. 3. Two phases of disease on leaves of potato, var. Early Eose. A, early stage 
of attack characterized by spotting, necrosis, and death of leaflets. B, later stage charac- 
terized by dwarfing and mottling. 


was produced. As growtli continued, mottling became less conspicuous 
until, after the production of 4 to 8 mottled leaves, growth again became 
normal 

Tomato {Lycopersicon esculenhim L.), The younger leaves of tomato 
plants began to show water-soaked spots 7 to 14 days after inoculation. The 
spots turned brown within a few hours as the affected tissue dried. Spots 
were more or less circular and varied in size from 1 to 10 mm. in diameter. 
They were numerous and confluent or scarce. Usually not more than 3 
leaves showed these necrotic spots. A very mild type of mottling was 
produced on the next 3 or 4 leaves. The terminal leaflets tended to twist, 
and often the lower surface was turned upward. Later growth appeared 
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normal. Diseased plants were not dwarfed either in the greenhouse or in 
the field and the yield of fruit seemed not to be decreased. 

Celery {Apium graveolens L.), Very conspicuous primary symptoms 
were produced on the Golden Self Blanching variety of celery. The disease 
first made its appearance on leaves that were about one-third grown. In an 
area usually extending outward from the midrib into the leaflets, often 
chlorophyll was almost completely lacking and the affected parts were 
golden-yellow. The stage of development of the leaf when the virus entered 
evidently influenced extent and location of the chlorotic areas. Two to 4 
leaves showed this type of chlorosis. The next 2 to 3 leaves were much 



Fig. 4. Leaves of Golden Self Blanching celery showing (right to left) primary 
symptoms of disease and stages of recovery. 


reduced in size and the leaflets were small, crinkled, and distinctly mottled. 
Following the production of these dwarfed and mottled leaves, recovery from 
symptoms was so complete that no evidence of abnormality was detected on 
any of the subsequent growth. A series of leaves of the Golden Self Blanch- 
ing variety, showdng transition from primary chlorosis through mottling to 
complete recovery, is shown in figure 4. Symptoms were somewhat less 
severe on the variety Utah. 

Buckwheat (Fagopyrum esculentum Moench) , Watei'-soaked spots, cir- 
cular or more or less irregular in outline and varying in size, were produced 
on the young leaves of buckwheat plants 4 to 8 days after inoculation. 
These spots soon turned brown and the tissue became necrotic. This type 
of spot was restricted to 3 to 5 leaves. Later growth produced leaves some- 
what reduced in size, mottled, and often rolled and deformed (Fig. 5). 
Under greenhouse conditions the yield of seeds was reduced considerably. 
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Fig. 5. Primary (separate leaves) and secondary (flowering shoot) symptoms on 
buckwheat. 

Pokeweed {Phytolacca americana L.). Inoeiilations made by rubbing 
juice of infected plants over the surface of mature leaves of pokeweed 
resulted in the production of numerous local lesions usually on the third 


Fig. 6. Typical symptoms of the disease on young pokeweed plants. The spots on 
the lower leaves are primary lesions produced by juice inoculation. Symptoms on the 
younger leaves are characteristic of those produced by systemic infection. 
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or fourth day following inoculation. The lesions appeared first as small, 
round, water-soaked areas about 1 mm. in diameter. They soon became 
necrotic and turned light-brown (Pig. 7, A). Subsequent development 
varied, depending on conditions. In most cases, as the leaves aged, reddish 



Fig. 7. Two leaves of approximately the same age from pokeweed inoculated by the 
rubbing technique, using juice from recently infected pokeweed. Leaf A from a pre- 
viously noninoeulated plant and leaf B from a plant that had ceased to produce symptoms. 

rings -were formed around the necrotic areas and outside of these, broader 
rings of faded tissue were noted. In some cases on older leaves the primary 
lesions were limited to faded circular spots with no evident necrosis. 

The first evidence of systemic infection consisted usually of a wilting of 
the tip of one of the smaller leaves, followed within a few hours by the pro- 
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duetion of ronndisli water-soaked lesions on this and other young leaves. 
The lesions soon turned brown. Often, one of the smaller leaves was killed 
outright. Usually, necrosis was produced on 3 to 5 leaves (Pig. 6), but 
the severity of the diseased condition decreased rapidly in subsequent 
growth. After the plant passed from the necrotic stage, 3 to 5 leaves were 
formed that showed mild vein translucency and a type of mottling. This 
type of symptom Avas followed by complete or almost complete recovery 
from symptoms. In rare cases, leaves on recovered plants Avere smaller 
than normal, obscurely faded in the interveinal areas, and the veins of young 
leaves were slightly translucent. 

The leaves produced after the plants recovered were immune from pro- 
duction of primary lesions following inoculation by the rubbing technique. 
Figure 7, A and B, shows typical results obtained from inoculation of leaves 
of the same size and age on noninfected (7, A) and recovered (7, B) plants. 
Leaves such as that shoAvn in figure 7, A, that had only primary lesions Avere 
not completely immune from further infection. Virus concentration in 
symptomless paids of diseased plants was very low compared to that in parts 
Avith severe symptoms, as indicated by the relatwe numbers of primary 
lesions produced on pokeweed leaves by inoculations with juice from the two 
types of tissue. 

Other Susceptible Plants. Tests were made on a number of other plants 
to determine susceptibility. The following species Avere found susceptible 
and to produce necrosis of varying degrees of severity followed by recoA^ery 
from symptoms : water pimpernel (Samolus floribundus N.B.K.), knotweed 
{Polygonum pennsylvanicum L.), common plantain {Plantago major L.), 
sowbane {Chenopodium murale L.) and lamb’s quarters (C. album L.). 
Nicotiana palmeri Gray also is susceptible, but symptoms are limited to 
a type of vein clearing from Avhich the plant soon recovers. 

By use of virus-free dodder, Cuscuta calif ornica^ virus was recovered 
from the following species of plants on which no symptoms were observed : 
tree tobacco {Nicotiana glauca Graham), Nicotiana rustica L., vars. English, 
Iowa, pumila, and jamaicensis, tobacco {Nicotiana tabacum L.) var. Turk- 
ish, and mustard {Brassica incana (L.) P. W. Schultz). 

Nonreactive and Immune Plants. No symptoms were noted on the fol- 
lowing species of plants, but no attempts were made to recover virus: 
Nicotiana sylvestris Speg. and Comes, Jimson weed {Datura stramonium L.), 
Tolguacha {D. meteloides DC.), Solanum integrifolium Poir., S. gilo Radd., 
pigweed {Amaranthus retroflexus L.), tumble-weed {A. graecizans L.), 
chickweed {Stellaria media L.), hawkweed {Eieracium argutum Nutt.), 
Sisymbrium irio L., yellow sweet clover {Melilotus indica {L.) AIL), squash 
{Cucurbit a maxima Duchesne) var. Hubbard, pumpkin {Cucurbita pepo L.) 
var. Jack o Lantern, bean {Phaseolus vulgaris L.) vars. Stringless Green 
Pod and Kentucky Wonder, garden pea {Pisum sativum L.) var. Little Gem, 
sioeh {Matihiola incana R. Br.), carrot {Daucus carota L.), and parsnip 
{Pastinaca saliva D.). 
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The following species of plants appear to be immune, since no virus was 
recovered from plants by juice inoculation to pokeweed or by use of virus- 
free dodder: California buckwheat (Eriogonum fasciculatum) , sunflower 
(HeliantMis annuus L.), cabbage {Brassica oleracea L.), lettuce (Lactuca 
sativa L.), belladona (Atropa helladonna L.) and mullein {Yerlascum 
tkapsiis Jj,) . 

TRANSMISSION OF THE DISEASE 

Transmission ly Use of Dodder. Three species of dodder, Cuscuta cali- 
fornica, C. suUnchisa Dur. and Hilg., and C. campestris Yuncker, when 
established on diseased plants, are able to pick up the virus of this disease. 
All 3 species of dodder retain the virus indefinitely when growing on plants 
immune from infection, and evidently are hosts of the virus. When in- 
fected dodder is trained to a susceptible plant, infection follows in all cases 
so far as known, after the dodder becomes established. The efiicieney of 
these 3 species of dodder in the transmission of the virus has aided greatly 
in the study of the host range of the virus. 

Tests of Insects. Since it seems improbable that the virus would be 
maintained indefinitely in nature through transmission by dodder alone, it is 
logical to postulate that transmission by insects takes place. Search for an 
insect vector under field conditions has been limited to a few localities. No 
insect that would appear promising as a vector has been located on dodder 
or on any of the plants on which dodder was growing. 

Under greenhouse conditions there has been no evidence of spread of 
the disease in compartments where red spiders, thrips, mealy bugs, or the 
sugar beet-root aphids were present. Extensive transmission tests, using the 
peach aphid, Myzns persicae Sulz., certain unidentified species of aphids, 
and the beet leaf hopper, Entettix tenellus (Baker), have given negative 
results. 

Absence of the disease, so far as known, from crop plants indicates that 
if an insect is involved in its spread, this vector is closely limited in its feed- 
ing to desert species, and thus has little opportunity to carry the virus to the 
crop plants shown to be susceptible to infection. 

Transmission ly Juice Inoculation. Juice inoculations were made by 
gently rubbing the surface of leaves or stems, on which a small amount of 
abrasive had been sprinkled, with a cloth pad saturated with inoculum. 
Infection was produced on 4 species of plants; pokeweed, Chenopodium 
murale, sugar beet, and Cuscuta campestris. Of these plants, pokeweed is 
by far the most susceptible to infection. Frequently, as many as 200 pri- 
mary lesions per leaf are produced on inoculated plants. On smaller plants 
evidence of systemic infection soon follows, but on plants approaching the 
blossoming stage, often no further symptoms are produced. Chenopodium 
murale appears also to be rather susceptible to infection, since 34 of 48 in- 
oculated plants became diseased. Sugar beet is more resistant. Only 26 
of 120 inoculated plants became infected, and the largest number infected 
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in a single test was 9 plants infected of 20 inoculated. Eapidly growing 
plants appeared to be more susceptible to infection than slow growing plants. 
Cuscuta campestris probably is still more resistant to infection. Of 40 seed- 
ling plants inoculated and placed on pokeweed, only one gave evidence of 
being infected. Of 20 large plants inoculated, 3 became infected. 

In addition to the 4 species of plants already mentioned in connection 
with juice inoculation, all other species of plants found susceptible to infec- 
tion through inoculation by use of dodder were tested for susceptibility to 
infection by juice inoculation. Extensive tests were made especially with 
celery, cantaloupe, tomato, and buckwheat, all of which show marked symp- 
toms of disease when infected through dodder. No evidence of infection 
was observed on any of the juice-inoculated plants of these species nor on 
any of the plants of other species inoculated, with the exceptions already 
noted. However, juice from diseased plants of celery, cantaloupe, tomato, 
and buckwheat produced primary lesions on pokeweed, showing that the 
virus was not quickly inactivated in the extracted juice of these plants. In 


TABLE 1 . — Eesults of tests of seeds of susceptible species of plants for transmis- 
sion of virus 


Plants from which seeds were taken 
for tests for presence of virus 

Seeds 

tested 

Seeds found to 
carry virus 

Cantaloupe var. Eockyford 

Number 

882 

Number 

0 

Pokeweed 

1073 

0 

Buckwheat 

121 

0 

Cuscuta calif ornica 

163 

0 

Cuscuta campestris 

1080 

52 


view of this evidence it seems probable that failure to obtain infection 
through juice inoculation in a number of known hosts of the virus is due to 
reactions in the injured cells of inoculated leaves that prevent increase or 
transport of the virus. 

Transmission Through Seeds. Seeds were collected from infected plants 
of Kockyford cantaloupe, pokeweed, buckwheat, Cuscuta campestris, and 
G. calif ornica for tests to determine whether the virus is seed-transmissible. 
With the exception of G. calif ornica, the seeds were collected from the dis- 
eased plants soon after they were mature and planted within a few days to 
reduce the possibility of inactivation of the virus in stored seeds. 

The seeds of cantaloupe, buckwheat, and pokeweed were planted in pots 
and the plants were held until they attained considerable size before they 
were discarded. The seeds of the two species of dodder were allowed to 
germinate in flats and the seedlings were transferred to small plants of poke- 
weed or sugar beet to determine whether they transmitted the virus to these 
test plants. The results of all tests are shown in table 1. 

All of the seedlings from seeds of diseased cantaloupe, buckwheat, and 
pokeweed were healthy in appearance. Since neither cantaloupe nor buck- 
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wheat completely recovers from symptoms of the disease, it may be assumed 
that seedlings would show symptoms if infected. However, since pokeweed 
recovers from symptoms, it is by no means certain that infected seedlings 
from seeds of diseased plants would show symptoms. It was found. ^how- 
ever, when the seedlings were inoculated with juice from recently infected 
pokeweed, that primary lesions were produced on all plants from the seeds 
tested. Since recovered pokeweed plants are immune from the production 
of primary lesions, this result is considered proof that the seedlings were 

virus-free. • , ^ n i, 

Althoiigli no evidence was obtained that virus was transmitted througn 

the seeds of cantaloupe, buckwheat, and pokeweed, the evidence is conclusive 
that it was transmitted through the seeds of Cuscuta campestris. In the 
tests made, 4.8 per cent of the seeds from infected plants carried virus. The 
results from seeds of C. calif orni-ca are inconclusive, since the number of 
seeds tested is small and the seeds were more than a year old at the time 
of test. Unfortunately, neither C. calif arnica nor C. suUnclusa produces 
seeds readily in the greenhouse, and seed production on native host plants 
is sparse, making extensive tests for seed transmission of the virus rather 
difScult for these two species. 

PEOPEETIES OP THE VIRUS 

All property studies of the latent virus of dodder were made with juice 
from recently infected pokeweed plants. The juice, after being subjected to 
the various treatments, was inoculated into leaves of rapidly growing poke- 
weed plants by gently rubbing the inoculum over the surface of the leaves 
with a saturated cloth pad after the leaves were sprinkled with a small 
amount of abrasive. Kesults were determined from counts of the primary 
lesions. Three to 5 plants were inoculated in each test, and lesions on 3 
consecutive leaves of each plant were counted. 

Thermal Inactivation Point. Juice was placed in slender tbim walled 
glass tubes of about 1 ce. capacity. The tubes were immersed for a 10-min. 
period in water held at the desired temperature. Upon removal they were 
immediately immersed in cold water. They were then opened and the con- 
tent used to inoculate plants. The results of 3 tests shown in table 2 indi- 
cate that the temperature of inactivation lies between 56° and 60 C., much 
of the virus apparently being inactivated at 58° C. 

Longevity in Vitro. Juice was placed in small flasks and kept at labora- 
tory temperatures (about 24° C.) until used. Inoculations were made at 
intervals shown in table 2. Eesults indicate that the virus was inactivated 
rapidly in expressed juice of diseased pokeweed. After 48 hours no infee- 

tion was obtained. _ . . _ 

Tolerance of Dilution. Juice from pokeweed was diluted with distilled 
water and inoculated into pokeweed leaves. Dilutions and results of 3 tests 
are shown in table 2. These results show that number of infections dropped 
off rapidly in dilutions above 1—50, but a few lesions were obtained from diln- 
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TABLE 2. — jpToperties of dodder latent mosaic virus as determined l)y local-lesion 
counts following inoculation to poTceweed 


Thermal inactivation 

Longevity in vitro 

Tolerance of dilution 


Average number 


Average number 


Average number 

Tempera- 

of local lesions 


of local lesions 


of local lesions 

ture (10- 

per leaf in 

aged at 
20°~24° 0. 

per leaf in 

Dilution 

per leaf in 

minute 

period) 

trial No. 

trial No. 

trial No. 












1 

2 

3 


1 

2 

3 


1 

2" 

3 

°C. 

No. 

No. 

No. 

Hours 

No. 

No. 

No. 


No. 

No. 

No. 

Checka 

19 

30 

48 

Checka 1 

42 

23 

28 

Checka 

28.4 

36.0 

46.3 

54 

7 

23 

44 

2 

27 

26 

34 

1-10 

28.8 

27.7 

40.0 

56 

3 

16 

21 

6 

10 

25 

58 

1-50 

20.6 

18.1 

20.3 

58 

0 

1 

0 

12 

4 

6 

31 

1-100 

8.2 

2.3 

9.2 

60 

0 

0 

0 

24 

2 

1 

2 

1-500 


0.4 

4.0 

62 

0 

0 

0 

48 

2 

0 

0 

1-1000 

1.2 

0.4 

3.3 





72 

0 

0 

0 

1-2000 


0.1 

1.0 





94 

0 

0 

0 

1-3000 


0.1 

0.3 









1-5000 

0.0 

0.0 

0.0 


a EresL undiluted juice. 


tions as high as 1-3000. Approximately the same results were obtained 
when juice from healthy pokeweed, instead of w^ater, was used for making 
the dilutions. 

Results of Other Tests of Properties. Other tests indicate that the virus 
retained activity in dried juice of pokeweed for less than 48 hours. No 
virus was recovered from dried leaves of pokeweed. The virus in juice of 
pokeweed passed readily through a one-half inch layer of Celite and through 
Berkefeld N and W filters with no detected decrease in concentration. 

NAME AND DESCRIPTION OP THE VIRUS 

The characteristics of the latent virus of dodder do not fully agree with 
those used in describing any of the 10 genera in the system of nomenclature 
and classification devised by Holmes.^ On the basis of induced symptoms 
the virus agrees well with those placed by Holmes in the genus Marmor^ 
but it does not conform to that part of the description of this genus that 
states regarding infected plants, ^ ^ usually no recovery ,* if recovery occurs, 
no immunity to reinfection.^’ However, in spite of the fact that host plants 
of the latent virus of dodder recover from symptoms and are immune from 
production of primary symptoms following a second inoculation, it seems 
best with this species to give major emphasis to induced symptoms and place 
it in the genus Marmovy at least for the present. Marmor secretum sp. 
nov. (secretum, meaning hidden) is suggested as the Latin name of this 
virus. The following description of the species is presented. 

1 Holmes, P. 0. Handbook of Pathogenic Viruses. Burgess Publishing Co. (Min- 
neapolis, Minn.). 1939. 

2 It may be pointed out that the genus Marmor already includes at least 2 viruses 
(Marmor ruM and M. persicae) that cause primary symptoms from which there is a con- 
siderable degree of recovery. It seems doubtful whether in any case a plant has been 
shown to be immune from reinfection by any virus, although undoubtedly in some cases 
recovered plants are immune from production of primary symptoms following a second 
inoculation by the same or by a related virus. 
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Marmor secretum sp. nov. Attacks Beta milgaris L., Phytolacca americana L., Cu- 
cumis melo L., F'agopyrum esculentum Moeiicli, Lycopersicon esculentum L., Solarium 
tuberosum L.^ Apium graveolens L., and other plants. Typical symptoms consist of necro- 
sis, chlorosis and mottling but all known susceptible species of plants partially or com- 
pletely recover from symptoms of the disease. Produces primary lesions on inoculated 
leaves of pokeweed. Virus latent in Cuscuta californica Choisy, C. subinelusa Dur. and 
Hilg. and C. campestris Yuncker. Thermal inactivation point Hes between 56° and 60° C. 
Inactivated in vitro at a temperature of about 24° C. in about 48 hours, withstands dilu- 
tions of 1-3000, retains activity in dried juice of pokeweed for less than 48 hours, and 
passes Berkefeld N and W filters. 

No insect vector known. Transmissible to Phytolacca americana, Beta vulgaris^ 
Chenopodium murale and Cuscuta campestris by juice inoculation. Also transmitted by 
Cuscuta californica, C. campestris and A?, subinelusa. Transmitted through approximately 
5 per cent of the seeds of Cuscuta campestris from diseased plants. 

Descriptive Habitat. In Cuscuta californica on Box Springs grade 5 miles east of 
Eiverside, California. 

In the system of classification and nomenclature of Smiths the virus becomes Cuscuta 
virus 1 and in the system of Paweett^ it should be designated Cuscutavir secretum. 

DISCUSSION 

At different times virus diseases have appeared in various parts of the 
world and swept rapidly over agricultural areas, sometimes causing enor- 
mous losses. Examples that ma}^ be cited are peach yellows in the north- 
eastern part of the United States, curly top of sugar beets and other plants 
in western United States, and, more recently, mosaic of peach in the United 
States and yellow wilt^ of sugar beet in Argentina. The source of virus for 
initial spread of these diseases to economic plants is more or less obscure in 
every case, but evidence indicates that the causal viruses were present in 
wild plants in the respective areas perhaps many years prior to their discov- 
ery on economic hosts. 

The latent virus of dodder appears to present an example of a virus able 
to cause injury to several crop plants but has not yet encountered conditions 
that have permitted it to spread from wild to cultivated hosts and become 
established on the latter as a virus of economic importance. The virus prob- 
ably has existed in native or introduced plants of Southern California for 
many years. But for the fact that it is transmitted readily to sugar beet by 
Cuscuta californica, probably it would have continued undiscovered so long 
as it remained restricted to its desert hosts. 

Probably failure to find this disease on cultivated plants is due either to 
the absence of a vector able to carry it to cultivated plants or to the absence 
of a vector on such plants as are able to perpetuate the virus after it has 
made the transition from wild to cultivated hosts. So long as the present 
biological balance is maintained, it is reasonable to suppose that the virus 
will remain of no economic importance. However, the introduction of an 
insect able to function as an efficient vector of this virus might result in 
the sudden appearance and rapid spread of an entirely new virus disease 
on sugar beet, cantaloupe, celery, buckwheat, potato, and other crop plants. 

3 Smith, Kenneth M. A textbook of Plant Virus Diseases. P. Blakiston^s Son and 
Go, (Philadelphia). 1937. 

^ Paweett, H. S. Suggestions on plant virus nomenclature as exemplified by names 
of citrus viruses. Science, 92: 559-561. 1940. 

5 Yellow wilt is the name that in a forthcoming publication will be suggested for a 
virus disease that has caused serious damage to sugar beets from 1929 through 1941 in the 
Bio Negro valley of Argentina. 
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The presence of this virus concealed in desert plants, together with the 
evidence that a number of well-known viruses causing serious diseases of 
economic plants probably were derived from noncultivated species to which 
they caused little or no injury, suggests the possibility that innumerable 
other viruses may exist in wild plants of various parts of the world, many 
of which may have great potentialities for injury if the biological complex 
were so altered as to bring them into prominence on cultivated plants in their 
most destructive forms. 

Although the disease caused by this virus is at present of no economic 
importance, the virus has certain characteristics that should be of interest 
to specialists. Among its interesting features is its failure to infect more 
than 4 of its 23 known host plants when introduced into plants by juice 
inoculation. Yet, one of its host plants (pokeweed) is so susceptible to 
infection by juice inoculation that numerous primary lesions are produced 
on inoculated leaves. As a rule, mosaic viruses that are transmissible by 
juice inoculation are transmissible by this technique to all or nearly all of 
their known host plants. However, with all such viruses the host range has 
been determined by juice inoculation supplemented in a number of instances 
by insect vectors and graftage. In the absence of dodder as an agent of 
transmission many of the plants now known to be susceptible to infection 
by the latent virus of dodder would be considered immune. The question 
arises, therefore, whether the latent virus of dodder is unusual in respect 
to the number of its host plants susceptible to infection by juice inoculation 
or whether the host range of many other mosaic viruses is imperfectly known 
because of the lack of, or failure to use, a method of inoculation that pro- 
duces infection on all susceptible plants. 

The fact that a mosaic virus exists that so far has produced infection 
only on a limited number of its host plants following juice inoculation, 
should offer encouragement for testing larger numbers of plant species for 
susceptibility to many viruses, such as those attacking members of the family 
Eosaceae, that are now considered nontransmissible by juice inoculation. 

The latent virus of dodder is of interest also because of the initial sever- 
ity of the disease that it produced on several of its host plants and the degree 
of recovery from symptoms that these plants attain in later stages of growth. 
Because of these characteristics and the accuracy with which relative virus 
concentrations may be estimated by the primary-lesion method using poke- 
weed, this virus may prove to be a valuable addition to the group of viruses 
now available for use in certain types of studies of recovery and immuno- 
logical phenomena in plants. 


SUMMARY 

A new virus was discovered in dodder, Cusmcta calif ornica, in the vicinity 
of Eiverside, California, when dodder was removed from certain desert 
plants and established on sugar beet. 
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This virus produces mottling or necrosis, or both, on sugar beet, can- 
taloupe, tomato, potato, celery, pokeweed, Chenopodmm murale, and other 
plants. All of the susceptible plants partly or completely recover from the 
more severe symptoms. Cantaloupe and buckwheat have shown the least 
recovery. Cuscuta calif ornica^ S. siibinclusa, C. campestris, Brassica incana 
and certain species and varieties of Nicotiana are symptomless carriers of 
the virus. 

No insect vector is known. However, the virus is transmissible by the 
3 species of dodder, Cusctcta California, G. suMnclnsa, and G. campestris. 
Transmission is readily obtained by juice inoculation to pokeweed on which 
the virus produces numerous primary lesions. It is transmissible less read- 
ily to Ghenopodium murale, sugar beet, and Guscuta campestris. No infec- 
tion resulted from juice inoculation to any other species of plant. The virus 
was transmitted through slightly less than 5 per cent of the seeds of C. cam- 
pestris, but not through seeds of cantaloupe, pokeweed, or buckwheat. 

The thermal inactivation point of the virus lies between 56° and 60° C. 
Infection was obtained from juice of pokeweed diluted 1--3000. Activity 
was lost in juice of pokeweed in about 48 hours, in dried juice in less than 
48 hours and no virus was obtained from dried parts of infected pokeweed 
plants. The virus passed Berkefeld N and W filters readily. 

Dodder Latent Mosaic is suggested as the common name of the disease 
and the Marmor secretum sp. nov. is suggested as the Latin name of the 
virus. 

Although this virus has not been observed to occur naturally on any 
crop plant, it is considered that with the introduction of an efficient vector 
the virus might be capable of producing a destructive disease on cantaloupe 
and buckwheat and a disease of lesser importance on sugar beet, potato, 
celery, and perhaps other plants. 

Citrus Experiment Station, 

Eiverside, California. 



k SERIOUS STORAGE ROT OP CELERY CAUSED BY THE FUNGUS 
ANSATOSPORA MACROSPORA N. GEN, 

A. G. Newhall 
(Accepted for publication July 8, 1943) 

INTRODUCTION 

In the mnckland celery-growing areas of New York State a number of 
storage rots occur. Those caused hy 8 clerotinia sclerotiorum, Boiryiis 
cinereay Erwinia carotovora, and, occasionally, Phoma apiicola are already 
well known, but within the past decade another fungus probably has caused 
more loss to stored celery than any of the others. During this time it has 
been mistaken for Phoma apiicola y as described by Bennett (2), but recently 
its true identity as a fungus close to the genus Cercospora has been pointed 
out by the author (5). 

RANGE AND ECONOMIC IMPORTANCE 

Specimens and complaints have come chiefly from 6 cold storages in 
Wayne County, New York. Losses have been sustained, however, in a num- 
ber of other counties, including Chautauqua, Niagara, Monroe, and Onon- 
daga, and the trouble is known also in Ontario, Canada. Although these 
facts indicate a fairly widespread occurrence, nevertheless losses tend to be 
confined to the late-grown celery from certain particular farms or fields. 

The disease seems not to have been described on celery, and there is a 
paucity of references to it in the literature on market diseases. Bratley 
and Wiant (1), in a summary report on the diseases of fruits and vegetables, 
found by them on the New York market during the last 3 months of 1939, 
state that, ‘‘Approximately 70 per cent of the stalks in 90 crates of upper 
New York State celery received in mid-December was found affected with 
a black crown rot. Although the symptoms were indistinguishable from 
those of Phoma root rot {Phoma apiicola) none of the isolates have devel- 
oped fruiting bodies. ” C. W. Bennett, who described the Phoma root rot 
in this country in 1921, on examining a culture of this new fungus wrote the 
writer that it was definitely not Phoma apiicola, 

VARIETIES ATTACKED 

A number of standard types of celery have been grown 2 years on muck- 
land farms, where the black crown rot was prevalent. None have been found 
immune. Late in October 1 or 2 crates of each variety were placed in 
commercial cold storage and held until January, when final examinations 
were made. In both years the celery looked healthy and free from rot at 
the time of harvest. In the first year it was tall and well-grown, but in the 
second it was stunted by the exceptionally dry season. In neither season 
could any evidence of crown rot be found before 7 weeks had elapsed in 
storage. 
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I'lG. 1. Upper: An 8-day«old culture of Ansatospora macrospora on potato-dextrose 
agar, sliowing variable size of mycelium, the beginning of the torose condition and of 
deep coloration of older hyphae. x 85. Lower: Old mycelium of Phoma apiicola in 
celery tissue, showing its similarity to x85. 

most severely attacked. The varieties tested were Easy Bleaching, Colum- 
bia, Utah, Tall Golden Self Blanching, Pordhook, White Queen, Old 
Golden, Golden Phenomenal, Giant Pascal, Meisches Special, Golden Plume, 
Abbott & Cobbs No. 14, White Plume, French Golden, Early Fortune, 
and Meisches Improved Golden. While the percentages of infection varied, 
the differences are not considered to be significant. 
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In the first test of 11 varieties from 15 to 50 per cent of the total of 
1393 plants became affected in 10 weeks of storage. In the second test of 
15 varieties from 9 to 65 per cent developed the rot in 11 weeks’ time. 
There was no difference in susceptibility between green and yellow varie- 
ties. Easy Bleaching and Tall Golden Self Blanching were less affected 
than others in both tests, while Pascal and Golden Plume were among the 
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SYMPTOMATOLOGY 

Diseased plants have rarely been found in the field. After celery is 
placed in cold storage, symptoms appear in 7 to 8 weeks, which usually 
means at sometime between November 25 and December 31. The first indi- 
cation of infection is the appearance of a light oehraceous-tawny^ colored 
lesion about 5 mm. deep somewhere on the butt end of the celery. As the 
brown rot advances further into the butt, the mycelium within becomes 
strongly torose and very dark colored (Pig. 1). This causes the color of 
the lesion to change from dull hazel to a dark olivaceous, which later becomes 
greenish slate-black^ (Pig. 2, B and C) . It is this ultimate greenish-black 
color that distinguishes the disease from other storage rots. The surface of 
the lesions often present a somewhat shiny appearance but it is not a par- 
ticularly wet rot if unaccompanied by secondary bacterial pathogens. -Later 
in the storage period, the characteristic dark lesions may be found at almost 
any point on the outer leaf stalks, indicating inoculation through wounds 
initiated possibly at harvest time. Conidia may be borne on the black 
lesions at room temperatures. Humidity is thought to be a very important 
factor in their production. Sometimes a distinctly red color may be im- 
parted to the celery tissue near the outer margin of rapidly advancing 
lesions. 

THE CAUSAL AGENT 

Proof of Its Pathogenicity 

Celery butts have been successfully inoculated with pure cultures of the 
black crown-rot fungus obtained by tissue plantings, and the fungus again 
has been recovered. Single-spore cultures obtained both from naturally 
infected celery plants and from agar cultures have proved pathogenic to 
celery stalks in cold storage and to celery seedlings grown under sterile 
conditions on agar, and to celery leaves. On the latter, lesions similar to 
early blight are produced. On their lower surface sporulation occurs if 
humidity is favorable (Pig. 3, A). 

Cultural Characters and Morphology 

The mycelium of the black crown-rot fungus is distinctive. It is not 
likely to be confused with any of the other common celery storage rotting 
fungi except perhaps P/iomct apwoto (Fig. 1). At 18° C. on corn-meal agar 
a 3-ineh Petri dish may be completely covered in 8 days, indicating a growth 
rate 3 or 4 times faster than that of either P/ioma apiicola or Cercospora 
apii Young hyphae are hyaline, mostly 3 [j in diameter, and are not con- 
spicuously branching. After 3 to 5 days’ growth on corn-meal or potato- 
dextrose agar at room temperatures older hyphae become 6 to 9 p wide 
and soon develop some color varying between red, brown, and bluish green 
depending on the substrate. The cell walls thicken and the mycelium 
becomes strongly torose. The individual chlamydospore-like cells are at 

1 Bidgway, B. Color standards and color nomenclature, 45 pp. and 53 col. plates. 
(Washington, D. 0.) 1912. 



Pig. 2. A. An apple eighteen days after inoculation on the lower side with an 
actively growing culture of Cercospora apii and on the upper side with a culture of 
Ansaiospora macrospora from celery. On carrots the same results were obtained. B. 
Typical crown rot symptoms, after 10 weeks in cold storage, involving entire crown and 
advancing up the leaf stalks, C, Late stage on celery as sometimes received on the 
market with butt end completely gone. B. Lesion on stalk near first joint where a bruise 
was probably sustained at harvest time. 
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first 9 to 12 [i ill diameter and later become 15 to 20 p in 2 to 3 weeks with 
a few reaching 30 microns. The,y become ovate to spherical and very dark, 
olivaceous-brown to dark bluish or olivaceous-green. The same process 
occurs in the tissue of the host, which accounts for the distinctive color 
changes taking place there as the rot advances. On plain corn-meal agar, 
6-day-old, rapidly growing cultures at 16° C. often develop a ring of bright 
red outside of the dark green central region. This has been seen also on 
diseased celery plants brought from cold storage to a more favorable tem- 
perature for rapid fungus growth. 

Aerial mycelium is white and abundant, though not dense, on 2 per cent 
potato-dextrose or corn-meal agars. Alternate periods of desiccation and 
high humidity promote sporulation.^ The subhyaline conidia are borne 
sparingly on potato-dextrose agar, more abundantly on corn-meal agar, after 
30 days. More conidia and less mycelium are produced on potato and 
corn-meal agars low in sugars and much brighter red color occurs about 
the young hyphae. 

The most abundant conidial production was obtained by employing 
the method mentioned by Westerdijk and van Luijk (6). After the fungus 
mat had nearly reached the sides of a Petri dish the agar was quickly 
inverted in the same dish. In a few days at room temperature sporulation 
occurred over the freshly exposed surface of the agar. Conidiophores arise 
singly or in clumps from young subhyaline mycelium. They are hyaline to 
subhyaline and bear 1 to several, falcate, hyaline to subhyaline conidia, 
120 to 210 jj long (mean 160 p), by 6 to 11 p wide (mean 8.84 p) (Fig. 3). 
Nearly half the spore consists of a long, tapering, whip-like beak, and a 
prominent, distinguishing feature on most spores, as they near maturity 
is a delicate, slender sword-like appendage 2 p by 90 p, which protrudes 
from the side of the basal cell at an obtuse angle. Westerdijk and van Luijk 
found some with 2 such appendages, but the author found more that seemed 
to lack them entirely. These conidia differ from Cercospom apii in being 
borne on shorter, nearly hyaline conidiophores, in being obclavate rather 
than aeicular, in being twice the width, and in having the peculiar ap- 
pendage just described. Germination occurs from any of the cells includ- 
ing the beak and tip of the appendage (Fig. 3, C). In culture they may 
germinate in situ and may anastomose freely. 

Many efforts to induce the development of a sexual stage in pure culture 
and on celery stalks have been made but to no avail. The fungus, therefore, 
must remain at present as one of the fungi imperfecti falling in the Scoleco- 
sporae of the Dematiaceae in the key of Clements and Shear (3). 

Identity of Crown Eot Fungus 

In 1924, Osterwalder (4) described a leaf spot of pansy (Viola tricolor) 
caused by a fungus that seems to agree with the one described here. He 
called it Cercospora maerosporaj although some of the conidia were not 

2 L. L. Hill, a graduate student, first found conidia during a routine elassfoom exer- 
cise in comparing the growtli of sevei^al fungi isolated from celery. 
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strictly hyaline. In his illustrations the sword-like appendage is clearly 
visible, although he makes no mention of it. Specimens of a similar leaf 
spot of Viola, collected September 3, 1934, by G. F. Gravatt near Wrangell, 
Alaska, and sent to C. Chupp at Cornell, have been examined and found 
to agree with Osterwalder’s description, except that conidiophores were 
not hyaline but brown. Conidia appeared identical with spores from the 
celery black crown rot fungus. Furthermore, in 1941, a culture that proved 
to be identical with the celery fungus was sent to Dr. Chupp by C. M. 
Tompkins of the University of California. This, it was stated, was obtained 
from a leaf spot of Viola on which the fungus was very destructive. 

A few months after Osterwalder’s description of his Viola disease in 
Germany, Westerdijk and van Luijk (6) described a fungus attacking cara- 
way (Cartcm carvi) in Holland. The description fits that of Gercospora 
macrospora and the fungus causing black crown rot of celery. They 
mention the presence of peculiar appendages on the conidia and admit 
difficulty in assigning the fungus to any known genus because of them and 
of the variable color of the spores, w^hich, on aging, do not remain hyaline. 
In naming their fungus Gercospora cari n. sp., they suggest that it probably 
deserves generic rank. 

Since the writer has found the black crown-rot fungus from celery 
capable of causing lesions on caraway and on leaves of Viola, and the fungus 
from California has proved pathogenic to celery, there seems little doubt 
but that the cause of black crown rot is the same as the fungus causing leaf 
spot of pansy and anthracnose of caraway. If it were to be retained in the 
genus Gercospora, the name given it by Osterwalder, Gercospora macrospora 
Osterw., would stand. But, in a proposed monograph of the genus Cerco- 
spora by C. Chupp, no place exists for any forms having conidia with 
appendages of any kind. At his suggestion, therefore, a new genus, 
Ansatospora^ is proposed for those fungi resembling Gercospora and 
Gercosporella, but whose conidia possess one or more appendages, cilia, or 
secondary conidia. The name proposed for the black crown-rot fungus is 
Ansatospora macrospora (Osterwalder) Newhall. Synonyms wordd include 
Gercospora macrospora Osterw. and G. cari (Westerdijk and van Luijk). 
The description f ollow^'s : 

Mjcelium variable,* at first liyaline, 3 p, in diameter, becoming darker, wider, and 
torose with age. Color becomes very dark olivaceous, wMle diameter increases to 15 or 
18 ja. Conidiopbores single or in small clusters, hyaline at first, 1-3-celled, genieulately 
bearing, terminally or laterally, 1 to several conidia. Conidia obclavate, falcate, hyaline 
to subhyaline, 120-210 jx long by 6 to 10 p, wide. Widest point a little below middle, 4 
to 11 septa, truncate base, terminal, whip-like, beak 30 to 110 |x long. A straight to 
slightly curved whip-like appendage (rarely 2 of them) from 30 to 105 jx long by 2 jx 
wide, protrudes from basal cell at approximately a 45° angle with the main axis. Habitat, 
Viola tricolor, Carum carvi and Apium graveolans, causing leaf blight of pansies, an- 
thraenose of caraway, and a crown and stalk rot of celery in cold storage. 

Host Eange 

No attempt to explore the host range has been made beyond that deemed 
necessary to establish the identity of the crown rot pathogen. Small lesions 

3 Ansata=: Latin for handle, hence spores with a handle-like appendage. 
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were obtained on the petioles of potted caraway and parsley plants grown 
from seed in the greenhonse. Similar lesions were obtained by inoculating 
leaves of Viola tricolor. When apples and carrots were inoculated with 
Ansatospora in comparison with Cercospora apii, only the former was able 
to infect (Fig. 2, A). This pronounced ability to cause rotting of vegetables 
and fruit at low temperatures is considered additional reason for separating 
Ansatospora from the typically leaf spotting Cercosporae. The suspicion 
that many other hosts occur has been confirmed by recent unpublished work 
of Tompkins and Hansen in California.'^ 

EFFECT OF ENVIRONMENTAL FACTORS ON GROWTH AND 
PATHOGENICITY OP ANSATOSPORA MACROSPORA 

Ansatospora macrospora^ like Phoma apiicola in pure culture, has an 
optimum temperature close to 17"^ C. On corn-meal agar growth takes place 
between 0° and 27° C. but not at 31°. This low optimum and ability to 
grow at low temperatures partly explain the destructive action of this 
fungus in cold-storage celery. 

Good growth of Ansatosi^ora macrospora has been obtained on potato- 
dextrose agar adjusted to a pH ranging from 3.35 to 7.32. The optimum 
seems to lie very near the neutral point. 

The fungus was found to endure desiccation in celery leaf stalks dried 
at room temperature for a period of at least 7 weeks, when the last of this 
tissue was pulverized, moistened with sterile tap water, and used to inoculate 
the butt ends of healthy celery placed in cold storage at 2-3° C. At the 
end of 11 weeks one of the 21 inoculated plants showed typical crown-rot 
lesions in which the fungus was clearly observed under the microscope. 
Three of the 4 plants inoculated with an actively growing agar culture of 
the pathogen became infected, and the 7 checks remained free from infec- 
tion, It is not known whether conidia were present as part of the inoculum 
or not. Old dry agar cultures have been revived after 18 months of slow 
desiccation at room temperatures. 

Some difficulty was experienced in early attempts to prove pathogenicity 
of Ansatospora for celery butts until adequate means were devised to main- 
tain humidity in the experimental cold-storage chamber. An indication of 
the importance of this factor of humidity is afforded by the following 
experiment. 

Three crates of celery from a supposedly infested field were brought to 
Ithaca and stored in a cold chamber at 32° F., where the humidity was ap- 
proximately 60 per cent. A similar lot of 3 crates, placed in commercial 
cold storage, where the relative humidity was over 90 per cent, was kept 
under observation for over 2 months. At Ithaca 2, 4, and 14 per cent, re- 
spectively, of crown rot developed, while in the commercial cold storage 
28, 42, and 47 per cent developed in the same period of time. Unfortunately, 
at the lower humidity the celery loses its turgidity, shrivels, and becomes 

^ The writer acknowledges their helpful criticism in the preparation of this manu- 
script. 
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practically wortMess. Manipulation of the humidity factor, therefore, does 
not offer a hopeful approach to the question of control of crown rot. 

CONTROL OF CROWN ROT 

1. Fungicidal Dips at Harvest 

On the assumption that crown-rot infections occur primarily at harvest 
time, perhaps from soil inoculum, a number of attempts were made to pro- 
tect the butt ends of celery with fungicides as soon as cutting and trimming 
operations were completed in the field. Several fields were selected known 
to grow a crop that later developed crown rot in storage. Approximately 
80 plants taken at random were trimmed and dipped for a few seconds in 


TABLE 1. — Eesults of celery tutt dipping experiments for control of crown rot, 
after 9 to 11 weelcs in cold storage 





Number rotting per crate 


Fungicide (strengtli) 



Farm 


Mean 



A 

B 

C 

D 

E 

1. 

Lignosana (1 part in 400 of water) 

0 



0 

0 

0.0 

2. 

Ethyl mercury phosphate (2^ per cent) (1 part 
in 400) 

2 

0 

2 

0 

0 

0.8 

3. 

Wet check — ^water 

5 

0 

2 

1 

4 

2.4 

4. 

Dry cheek — ^no treatment 

5 

1 

2 

3 

5 

3.3 

5. 

Copper carbonate (18 per cent) (1 part in 50) 

8 

0 

6 

3 

0 

3.4 

6. 

Palustrex Ba (6 tsp. in 2 gal.) = 1 per cent 

4 

1 

8 

1 

0 

3.5 

7. 

Waxlac No. 69 + 1 x^er cent Palustrex B 


2 

7 

2 

6 

4.2 

8. 

Waxlac No. 69a 

7 

0 


1 


3.6 

9. 

Waxlac No. 69 + sol. of Hexaniethalene tetra- 
mine i per cent 


0 

11 


3 

4.6 

10. 

Cuprous oxide suspension (1 x)art in 50) 

2 

0 

8 

8 

2 

4.0 

11. 

Formaldehyde (1 part in 200) 

1 

4 

12 

6 

6 

6.4 

12. 

Copper sulphate (1 part in 30) 

2 

24 

17 

29 

11 

16.6 

13. 

Copper sulphate + starch (9 oz. each in 2 gal.) 

6 

23 

29 



19.0 


a Lignosan, a powder containing etliyl mercury cliloride 4.3 per cent j Talustrex JB, 
a water-soluble pine oil containing 15 per cent copper-resinate ; Waxlac, an emulsion con- 
taining carnauba wax, used in protecting nursery stock in storage. 


a metal pan 3 inches deep containing one of the fungicides. The celery was 
then packed in crates holding 70 to 80 plants and placed in cold storage 
at 0° ±: C. where it was examined at weekly intervals beginning 7 weeks 
later. There were 11 liquid fungicidal treatments, besides one or two dry 
ones not reported on. The experiment was repeated on 5 farms, with 
slight modifications and included a total of between 4,500 and 5,000 plants. 
The materials used and the number of rotted plants per crate found, 9 to 
11 weeks later, are given in table 1. 

There were striking differences in appearance of the celery treated with 
the different fungicides. Those plants dipped in the organic mercurials 
were dry and clean looking and practically free from butt rot. Those dipped 
in the copper sulphate solutions were badly russeted, shrunken, and the 
prey of numerous molds. Several crates of celery treated with the carnauba 
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wax emuLsioii (Waxlac) developed green surface mold, which markedly 
lowered the appearance of the celery. The crates dipped in water were no 
worse than the dry checks, but, under field conditions, the 1-minute dip in 
water served to keep the butts wet only a few minutes longer than the so- 
called dry checks. 

On 2 farms the butts were cut very short; in fact, flush with the crown. 
On 2 others a 1- or 2-inch stub of a tap root was left on, but seemed not to 
influence the subsequent amount of rot. It was concluded that, except for 
organic mercurials, the fungicides as used in these experiments were not 
able to prevent butt rotting. In similar tests dry sulphur and solutions of 
boric acid were tried and also found ineffectual. 

To obtain light on the poisonous properties of celery receiving the mer- 
curial butt treatments just described, half a bushel of butts were cut off and 
fed to guinea pigs and laboratory rats over a period of 2 weeks. This work 
was done in the laboratories of the Departments of Animal Nutrition and 
of Veterinary Pathology and Bacteriology of the New York State Colleges 
of Agriculture and Yeterinaiy, respectively. During the feeding period 
supplementary foods were given these animals. They gained in weight and 
showed no outward signs of ill effects from the celery. At the end of the 
period after the animals had eaten more than their own weight of treated 
butts, the rats w^ere autopsied. No internal symptoms of toxicity of any 
kind were found.^ It is readily admitted, being negative data, that this is 
insufficient evidence to establish the safety of the use of a mercurial salt on 
such a crop of celery. The writer emphatically does not recommend it, even 
for butt ends that normally would be discarded. The apparent control 
obtained with such fungicides lends encouragement to the belief that infec- 
tion occurs at the time of harvest and to the hope that some day an effective 
but safe treatment may be found. 

2. Rotation of Crops 

At present it appears that a rotation in which celery occupies the land 
once in 3 years is not long enough to eliminate this disease entirely. Celery 
growers are reluctant to adopt a longer one, however. The fact that carrot 
roots are also susceptible raises a question about the wisdom of growing 
this crop in the rotation on suspected land. Growers have obtained the 
most relief by growing only their early crops of celery on their suspected 
land, reserving the fields known to be disease-free for the late crop, which 
is likely to be stored. Crops harvested by September 5, usually are consumed 
long before crown rot can develop. 

If celery from infested or suspected land is put in cold storage, it be- 
hooves the owner to begin examinations at weekly intervals after the 7th 
week. When a few soft butts can be detected by poking the fingers up 
between the bottom slats of the crates, the crop should be marketed within 
the next few days. It is when this precaution has been neglected that the 
greatest losses have been sustained, losses that have reached 100 per cent. 

5 Thanks are due Miss Gladys Sperling for her kind cooperation in making these tests. 
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comparison op black crown rot with other 

STORAGE DISEASES OF CELERY 

Since the black crown rot now occurs in important celery-growing areas 
of New York and Ontario, Canada, and since it may appear in other locali- 
ties, a review of the essential characters by which it may be distinguished 
from the other principal storage rots is in order. 

Mention has been made of the fact that symptoms are rarely found at 
harvest time and of the marked color changes that characterize symptoms 
of this disease, beginning with a light tawny brown and ending with its dark 
greenish black, sometimes bordered by a distinct red at the margin of 
rapidly advancing lesions. None of the other common celery storage rots 
caused by Botrytis^ Bclerotinia, Phoma^ or Erwima goes through such a 
color range. Phoma root-rot lesions, wuth which crown rot may be confused, 
may advance up the leaf stalks but are a dark browui rather than a greenish 
black color; older crown infections present a rough, dry, cracked and dis- 
tinctively scurfy surface. Numerous dark pycnidia often may be found by 
the aid of a hand lens on young as well as old affected plants. Under the 
microscope, lesions due to P/ioma, like those of Ansatospora, are found to 
be filled with a dark torose mycelium nearly as large as that of Ansatospora 
(Fig. 1). But in culture Phoma apiicola grows only about one fourth as 
rapidly as Ansatospora and undergoes much less marked color changes. 
In New York the Phoma rot is an infrequent storage disease. It has been 
found occurring on seedlings and young plants as a severe root rot in the 
spring or fall. It has not persisted in the same field year after year, as the 
black crown rot has. 

A summary of the distinguishing characteristics of the 5 principal stor- 
age rots is presented in condensed form as in table 2. 

DISCUSSION 

The origin of Ansatospora macrospora in New York State is unknown. 
The fact that Westerdijk and van Luijk found that it could be carried by 
the seed of caraway is suggestive. This host has long been grown in herb 
gardens in this State, and has escaped in places where it may now be found 
growing wild on waste land. Search for diseased ‘^native’’ caraway plants 
has not been fruitful so far. Neither has the disease been found on pansies 
or other violas, although these are commonly grown. Other hosts may be 
found and their discovery may yet throw light on the origin and prevalence 
of the black crown rot of celery. 

Since Ceroospora apii is known to be carried very commonljT- in celery 
seed, it would not be surprising to find Ansatospora disseminated in the 
same manner. 

Attention is drawn to the similarity between the leaf-spot symptoms of 
Ansatospora macrospora and Gercospora apii. Both fungi cause a brown 
necrotic lesion on the under side of which the conidia are borne. The possi- 
bility of Ansatospora being disseminated by air-borne conidia cannot be 
denied. 



TABLE 2.— Some aisUnguisUng characters of five storage rots of celery 
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There is no evidence that the disease is picked up after the celery is 
brought to the cold-storage plants. There is little if any spread from one 
lot of celery to another, piled next to it, in the same room. 

SUMMARY 

The term black crown rot^^ is proposed for a serious storage disease of 
the butt ends of celery causing considerable loss to growers and produce 
men in Western New York and Canada. 

The disease is readily distinguishable from the other common storage 
diseases caused by Boiryiis, Scleroimia, Phoma, and Erwinia, by its ulti- 
mate black color, by its lack of aerial mycelium, or sclerotia, or pycnidia, 
or slime, by the presence of very dark olivaceous torose mycelium within the 
tissue and later of conidia sparsely borne on the surface of the black lesions. 

The fungus causing this disease is thought to be the one previously de- 
scribed by Osterwalder as the cause of a pansy leaf spot, named Cercospora 
macrospora by him. Its identity with the fungus causing anthracnose of 
caraway, described and named Cercospora carl by Westerdijk and van Luijk 
also is established. Its name is changed to Ansatospora macrospora 
(Osterw.) n. gen. chiefly on the basis of the long, prominent appendage 
protruding from the basal cell of the conidium. A full description of the 
fungus is given. 

Temperature limits for growth in culture were close to 0° and 31° C. 
with the optimum near 17° C. Good growth on agar occurred at hydrogen 
ion concentrations between pH 3.35 and 7.32 with the optimum near 
neutrality. 

The fungus is capable of attacking leaves and stems of celery, stems and 
fruits of caraway, stems of parsley, and of rotting apples and carrots. 

Circumstantial evidence indicates that black crown rot may be soil- 
borne. A 3-year rotation was not long enough to eliminate it from some 
fields. 

Control by dipping the butt ends of freshly harvested celery in a num- 
ber of different fungicides met with little success. Such treatment is not 
advised. 

Since the disease rarely can be found until celery has been in storage 
for at least 7 weeks, growers have been successful in reducing losses by 
using fields, thought to be infested, for growing only their early crop of 
celery, which is never stored. Celery from infested fields if placed in cold 
storage should be carefully watched after 8 or 9 weeks, and, if symptoms 
appear, should be promptly marketed to avoid loss. 
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THE EELATION OF SEED QUALITY TO THE DEVELOPMENT 
OP SMUT IN OATS^ 

IakW. Tervet 
(Accepted for publication May 28^ 1943) 

Satisfactory epidemics of seedlmg-infeeting smuts are obtainable only by 
inoculating seed of a susceptible variety with viable spores of the pathogen 
under initial and prevalent favorable environmental conditions. 

The spores must make contact with the caryopsis. For oats there 
are 2 methods: (1) Hull removal and dusting of caryopsis with chlamy- 
dospores; (2) Replacing by vacuum pump the air beneath the hull with a 
water suspension of chlamydospores. Both methods successfully place the 
inoculum upon the caryopsis, and epidemics are readily obtainable by either 
method. Many (1, 2, 3, 4, 6) have studied environmental factors governing 
infection. It is generally recognijzed that relatively dry soil at approxi- 
mately 20° C. is most favorable to smut infection of oats, although moderate 
fluctuation of either factor does not prevent infection. Lods and Coulson 
(5) found that seedlings from small seeds of one variety were more suscep- 
tible to smut than those from large seed. The writer has confirmed their 
findings ; and now reports quantitative results of more detailed experiments 
on plants from various seed lots of oats. 

MATERIALS AND METHODS 

Five varieties of oats were included in the experiments. Several seed 
lots were obtained of each variety (Tables 1, 2, 3), differing in place of 
origin and year of production. In 1940, one collection of Ustilago levis 
(Kell, and Sw.) Magn. and one of U. avenae (Pers.) Jen. were used, while 
in 1941 only Z7. levis was tested. With the exceptions stated in the text, 
seed was inoculated by the partial-vacuum method, a chlamydospore sus- 
pension of 0,5 g. smut in 100 cc. sterile water being used to inoculate 25 g. 
seed. In the few cases when the dry-spore method of inoculation was used, 
0.5 g. of chlamydospores was used for 25 g. seed. Each seed lot was repli- 
cated 5 times in field experiments, 5 g. of seed being planted per 8-ft. row. 
Smut percentage was determined by head count, with an average of 200 
heads per 8-ft. row, although older seed lots gave as few as 60 heads per row. 
The experiments on smut were made in the field at University Farm, St. 
Paul, Minnesota, in 1940 and 1941, while experiments on the relative germi- 
nation rates of seed lots were made in the greenhouse at University Farm 
during the same years. 

1 Paper No. 2062 of the Scientific Journal Series, Minnesota Agricultural Experiment 
Station. Assistance in the preparation of this material was furnished by the personnel 
of the Work Projects Administration, OjBfieial Project No. 265-l-71~236, 'Subproject No. 
491. Sponsored by the University of Minnesota. 
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Variability in Amount of Smut in Oat Varieties 

In 1940, seed of Anthony C.I. 2143, Oopher C.I. 2027, Eusota C.I. 2343, 
and logold C.I. 2329 was inoculated with one collection, each, of Ustilago 
levis and of U. avenae, while only Anthony and Gopher and one collection 
of Ustilago levis were used in 1941 (Table 1). Similar results were obtained 
in both years. Plants from different seed lots of the same variety differ 
greatly in their reaction to smut. The seed lot of Anthony grown at St. 
Paul in 1939 produced plants that were only slightly smutted, while plants 
of the same variety from seed grown at St. Paul in 1936 were most heavily 

TABLE 1. — Percentage smut produced on plants from different seed lots of oats Ig 
Ustilago levis and V. avenae^ 


Origin of Variety, year of test, species of smut, and percentage 

seed lot of smutted heads 


Where 

grown 

When 

grown 

Anthony 

Gopher 

Eusota 

logold 

1940 

1941 

1940 

1941 

1940 

1940 

avenae 

levis 

levis 

avenae 

levis 

levis 

avenae 

levis 

avenae 

levis 


1935 

26 

46 

1 61 






10 

21 


1936 

40 

1 72 

89 

20 

50 

51 

20 

14 

26 

20 

St. Paul 

1938 

14 

38 

53 

2 

11 

33 

13 

4 

8 

10 


1939 

2 

14 

18 

1 

2 

5 

3 

1 

6 

6 


1940 



49 









1935 




2 

15 

13 

7 

7 



Waseca 

1938 

28 

54 


1 

19 

23 

6 

3 

2 

10 


1939 

16 

43 

80 

1 

9 ! 

17 

5 

3 

1 

3 


1937 

16 

45 

65 

1 

16 

14 

11 

5 

3 

10 

Crookston 

1938 

10 

43 

73 

1 

7 

9 

2 

2 

1 

3 


1939 

10 

37 

82 

1 

7 

12 

4 

3 

1 

3 


1938 

13 

42 

75 

1 

6 

8 

7 

4 

0 

0 

jjuiutn 

1939 

3 

22 

54 

0 

2 

4 

1 

1 

0 

1 


a The writer wishes to express his deep appreciation pf the kindness of H. K. Wilson, 
Division of Agronomy, University Farm, St. Paul, Minn., for supplying the seed lots used 
in this test. 


attacked. However, some seed lots that gave plants only slightly smutted 
in 1940 produced more heavily smutted plants in 1941. Plants from seed 
lots grown at Waseca, Crookston, and Duluth, Minnesota, in 1939 were 
attacked more severely in 1941 than in 1940. Also, plants from the 1940 
seed lot from St. Paul were significantly more severely attacked than plants 
from the 1939 St. Paul seed lot. 

The varieties used in the above test were obtained from the supplies at 
the various branch experiment stations of the University of Minnesota and 
were supplied initially from the Agricultural Experiment Station at St. 
Paul. Because of the possibility that the lots obtained from the station in 
different years differed somewhat genetically, seed of Anthony and Black 
Mesdag oats produced at St. Paul in 1939 were sent to several stations in 
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the United States and Canada for increase. These 1940 seed lots- were 
inoculated with UstUago levis and planted in St. Paul in 1941. Significant 
differences in the amount of smut were found in plants from the different 
seed lots. The percentage of smutted heads in Anthony ranged from 49 
from the Texas lot to 83 from the Kansas lot, while in Black Mesdag the 
maximum amount of smut was 60 per cent from the Washington seed lot 
and only 7 per cent from the Texas seed (Table 2). However, there Avas 
only enough Texas seed to plant 2 replicates, and the plant sample may have 
been too small. However, the 28 per cent smut in plants from the South 
Carolina seed lot is significantly lower than the 60 per cent in plants from 
the Washington lot. Thus from one original seed lot of an oat variety, seed 
lots can be produced in different localities that give rise to plants differing 
wddely in their susceptibility to smut. 


TABLE 2. — ’Percentage smut produced J)if UstUago levis at Universiiij Parm, St. 
Paul, Mmn., in 1941 on plants from seed lots of oats groivn in different localities in 1940 


Origin of seed 

Variety and percentage of smutted heads 

Anthony 

Black Mesdag 

Texas 

49 

7a 

West Virginia 

50 

52 

South Carolina 

52 

28 

Ohio 

66 

54 

Alberta 

75 

43 

Washington 

81 

60 

Montana 

82 

46 

Kansas 

83 

■ 

38 


a Average of 2 replicates only. 


Additional evidence to indicate that the differences betw^een plants from 
various seed lots were not due to genetic differences was obtained from the 
testing of seed grown in 1940 from St. Paul seed lots of earlier years. In 
1940, 4 seed lots of Anthony oats that were produced at St. Paul in 1935, 
1936, 1938, and 1939 respectively, were inoculated and sown in the field at 
St. Paul. There were decided differences in the amount of smut in plants 
from the different lots (Table 1). In 1940 seed was obtained from these 4 
lots of Anthony and inoculated with UstUago levis in 1941, but there were 
only relatively slight differences in the percentage of smut in the plantings, 
the amount of smut valuing from 30 to 45 per cent (Table 3). Seed pro- 
duced in 1940 from the 1939 seed lot gave rise to plants more heavily 
smutted than plants from the 1939 seed lot, while seed produced in 1940 
from the 1936 seed lot gave plants less heavily smutted than plants from 
the 1936 seed lot. Thus the susceptibility of plants from the 4 seed lots of 
Anthony appeared to result from the action of environment on the crop that 
produced the seed and not from genetic differences between the seed lots. 

2 The writer wishes to express his deep appreciation for the collaboration of the 
following men who in 1940 assisted in increasing the seed for this experiment: J. G. 
Leach, Morgantown, West Tirginia; C. C. Allison, Colmnbus, Ohio; I. M. Atkins, Benton, 
Texas; T. W. Graham, Elorence, South Carolina; L. E. Tyner, Edmonton, Alberta; 0. S. 
Holton, Pullman, Washington; A. M. Schlehuber, formerly of Bozeman, Montana, and 
E. B. Hansing, Manhattan, Kansas. 


1944] 


Teevet: Seed Quality and Smut in Oats 


109 


TABLE 3 . — The amount of smut produced in 1941 on plants from four seed lots of 
Anthony oats groum. in 1940 at St. Paulj Minn., the plantings having different amounts of 
smut in 1940 


Seed lots grown in 1940 from St. Paul seed lots 
X3roduced in the years given belo^v 

1 Per cent smutted heads 

1935 

30 

1936 

45 

1938 

44 

1939 

31 


A further test on the variability ‘of oats to smut was available from seed 
grown at St. Paul in 1940. Seed of Anthony, Gopher, and Black Mesdag 
was sown at intervals during the spring of 1940 and seed from the plants 
grown that year was available. In addition, seedlings of these varieties had 
been germinated in the greenhouse and then transplanted to the field at in- 
tervals during the spring of 1940; and seed from these transplants also was 
available. The seed lots so obtained were inoculated with Ustilago levis and 
planted in the field in 1941. Only small differences in the amount of smut 
in plantings of these seed lots were found (Table 4). 

Great variation in susceptibility to smut exists within plants from dif- 
ferent seed lots of a variety of oats. Naturally, it is important in testing 
oat varieties to races of the oat smuts to recognize the possibility that varia- 
tion in susceptibility of different lots may affect the relative susceptibility 
of varieties in different years. The average amounts of smut produced on 
Anthony oats by 6 collections of Ustilago levis at St. Paul, in 1939, 1940, 
1941, and 1942, are 52, 8, 24, and 29 per cent, respectively, and with 5 collec- 
tions of U. avenae in the same years, 48, 12, 16, and 30 per cent, respectively. 
The seed used in 1939 was from the 1938 seed lot, that of 1940 from the 1939 
seed lot and, similarly, in 1941 and 1942, the seed from the preceding harvest 
was used. It was shown (see Table 1) that plants from the 1939 Anthony 
seed lot were smutted less heavily than those from 1938 and 1940 lots. It 


TABLE 4 . — Percentage smut produced by Ustilago levis at University Farm, 8t. 
Paul, in 1941 on plants from seed lots of oats grown at different times in 1940 at Uni- 
versity Farm, St. Paul, Minn. 


Seed lot derived in 1940 
from 


Yariety and percentage of smutted heads 


Seed 

planted 

on 

Seedlings 

transplantedii 

on 

Anthony 

Gopher 

Black Mesdag 

Cl 1 * Trans- 

I planted 

Seeded 

Trans- 

planted 

Seeded 

Trans- 

planted 

April 24 

April 23 

61 36 

9 

14 

40 

37 

May ,3 ■ 

May ^ 2 

35 1 41 

14 

11 1 

47 

45 

May 9 

May, 7 

49 ' 66 

12 

7 

43 

41 

May 18 

May 16 

64 46 

9 

7 

38 

41 

May 25 

May 25 

33 29 

9 

11 

36 

32 

June 10 

j 

June 5 



4 

5 

25 

17 


Seedlings transplanted to field from greenhouse when 5 to 8 days old. 
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would appear, therefore, that the seed lot of Anthony nsed in the 1940 smut 
tests was of great importance in causing the low amount of smut obtained 
in that year. Environmental conditions were not unfavorable to smut devel- 
opment in 1940, since logold was attacked at least as heavily as in most other 
years, and, indeed, in 1940, was more susceptible than Anthony. 

It is important also to know, if possible, the reasons for the variation in 
susceptibility of different seed lots to smut. Two possibilities exist to ex- 
plain these variations: (1) When inoculated with chlamydospores by the 
partial- vacuum method, different amounts of inoculum may get between the 
hulls and the caryopsis in different seed lots; (2) That the seed lots produce 
plants differing in physiologic potentialities that would determine the extent 
of smut attack. 

Physical and Physiological Factors Influencing Smut Infection 
in Anthony Oats 

Successful smut infection requires that the inoculum be in contact with 
the caryopsis. The seed lots used in the tests already described differed in 


TABLE 5. — The effect of dehulUng seeds on and the relation of seed weight and 
'volume to susceptibility to smut of plants from seed lots of Anthony oats 


Yea.r seed lot 
produced at 

Percentage 
smutted heads 

Weight in g. of 

1000 seeds 

Volume in cc. of 
1000 seeds 

St. Paul, Minn. 

ISTormal 

Dehulled 

Normal 

Dehulled 

Normal 

Dehulled 

1935 

61 

74 

15.1 

8.8 

50 

24 

1936 

89 

90 

15.8 

8.6 

48 

22 

1938 

53 

75 ■ 

14.1 

9.6 

46 

22 

1939 

19 

61 

24.3 

20.4 

57 

34 

1940 

49 

77 

17.5 

13.4 

49 

26 


relative weights and plumpness, and, hence, possibly would differ in the 
ease whereby chlamydospores could be placed adjacent to the caryopsis. 
The partial-vacuum method for smut inoculation replaces air between the 
hulls and the caryopsis by a water suspension of chlamydospores. Hence, 
differences in the degree of adhesion of the hulls to the caryopsis would 
affect the deposition of inoculum on the caryopsis. By inoculating the 
naked caryopsis, a standard quantity of chlamydospores could be applied. 

Five seed lots of Anthony oats grown at St. Paul, in 1935, 1936, 1938, 
1939, and 1940, were dehulled and the naked caryopsis inoculated by dusting 
with 0.5 g. dry chlamydospores per 25 g. seed, and the inoculated seeds 
planted in the field in 1941. The dehulled seed consistently produced more 
smutted plants than that inoculated by the partial-vacuum method, the 
greatest increase being in plants from the 1939 seed lot, in which 19 per 
cent smut was produced with the partial-vacuum method, while 61 per cent 
developed from dehulled seed inoculated with dry chlamydospodes (Table 
5). However, the 1939 seed lot was still significantly less severely attacked 
than the 1936 lot, which had 90 per cent smut. Thus plants from seed lots 
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of one variety showed significant differences in response to smut when the 
seed was inoculated by the partial-vacnnm method, while relatively slight 
differences were found following inoculation of the caryopsis with dry 
chlamydospores. It is probable then that the degree of adhesion of the 
hulls to the caryopsis is important in determining the spore load carried by 
a seed lot inoculated by the partial-vacuum method. 

Since the opportunity for infection was similar for all seed lots inocu- 
lated with dry spores, the relatively smaller amount of smut in plants from 
the 1939 seed lot must be due to the physiologic response of this seed. Data 
on the weight and volume of the 5 seed lots were obtained (Table 5) . Seeds 
of the 1939 lot were heavier and larger than seed lots of other years. It 


TABLE 6. — Belative germination rate of 8 seed lots of Anthony oats in steamed and 
field soilin greenhouse 





Field soil 

i 

! Steamed soil 



Seed 

lot 

Stands 

Per cent total 

Standa 

Per cent total 

Treatment of seed 

j 12 days 

stand, days 

12 days 

stand, days 



after 

after planting 

after 

after planting 




plant- 

ing 





plant- 

ing 








4 

5 

6 ! 

7 

4 

5 

6 

7 


Normal 

seed 

1938 

62 

0 

60 

81 

86 

104 

2 

47 

72 

76 


1939 

210 

21 

82 

92 

94 

204 

22 

77 

89 

95 

No inoeu- 

1940 

129 

11 

55 

72 

79 

168 

7 

44 

61 1 

81 

lation 

Seeds 

1938 

40 

8 

56 

80 i 

83 

92 

14 

62 

73 

87 


without 

1939 

145 

57 

85 

91 

95 

208 

49 

81 

89 

93 


hull 

1940 

82 

17 

51 

73 

81 

156 

26 

55 

71 

82 


Normal 

seed 

1938 

87 

6 

62 

85 

90 

111 

6 

36 

70 

83 

Smnt- 

1939 

196 

24 

81 

90 

91 

196 

14 

79 

91 

93 

1940 

133 

8 

50 

68 

83 

177 

4 

54 

69 

79 

inocii- 


lated 

Seeds 

1938 

14 

0 

. 36 

57 1 

71 

82 

10 

65 

88 

94 


without 

1939 

126 

41 

77 

84 

88 

194 

55 

82 

89 

92 


hull 

1940 

43 

7 

49 

65 

86 

172 

23 

66 

83 

88 


a Total of 5 replicates, of 50 seeds each. 


appears that plants from heavier seed tend to be less severely smutted than 
plants from lighter seed, this agreeing with the observations of Lods and 
Coulson (5). 

In a preliminary report (9), the writer stated that the 1939 seed lot of 
Anthony oats germinated more rapidly than the other seed lots tested and, 
because of this more rapid germination, less time was available during which 
the seedlings could be infected. Germination tests on 3 seed lots of Anthony 
oats were made, the experiments being made in the greenhouse in field soil 
and steamed soil (equal parts of field soil and sand). Comparisons were 
made between normal and dehulled seed, and between inoculated and non- 
inoeulated seed. Normal seed was inoculated by the partial vacuum method, 
while the dehulled seed was dusted with chlamydospores. Five replicates 
of 50 seeds each for each soil type and seed treatment were used, the seeds 
being planted uniformly at in. depth. 
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In both steamed and field soil, the 1938 lot gave the poorest stand, while 
the 1939 lot was best. Little difference in stand appeared in steamed soil 
between normal and dehnlled seed, whether inoculated or not, but in field 
soil dehulling of the seed greatly reduced the stand, a further reduction in 
stand occurring with smut-inoculated dehulled seed (Table 6). Tapke (7) 
has reported similar results. The relative germination rate of the 3 seed 
lots was similar on both soils and with all seed treatments, the 1939 lot in 
every case germinating more rapidly than the 1938 and 1940 lots (Table 6). 
In fresh weight and height, the seedlings of the 1939 lot consistent!}’' were 
heavier and taller than the 1938 and 1940 lots (Table 7). In general the 

TABLE 7 . — Relative height and weight of seedlings from 3 seed lots of Anthony 
oats in steamed and 'field soil in greenhouse 


Seedling height in mm. and weight in g.a 


Treatment of seed 

Seed 

lot 

Field soil 

Steamed soil 

Height in mm., 
days after 
planting 

Average 
seedling 
test wt. 

Height in mm., 
days after 
planting 

Average 
seedling 
test wt. 

6 

11 

6 

11 






1 0 - 



9 ^ 



1938 

20 

58 

1 0.141 

23 

58 

0.140 


JN ormal 

1939 

37 

87 

! 0.240 

29 

73 

0.227 

No inocu- 

seed 

1 1940 

25 

73 

1 0.207 

, 25 

72 

0.171 

lation 

Seeds 

1938 

21 

50 

i 0.138 

24 

37 

0.150 


without 

1939 

42 

74 

I 0.246 

37 

79 

0.224 


hull 

1940 

22 

53 

0.187 

31 

74 

0.180 



1938 

21 

53 

0.114 

21 

56 

0.132 


Normal 

seed 

1939 

35 

72 

0.267 

32 

70 

0.236 

inoeu- 


1940 

29 

70 

0.201 

27 

72 

0.164 

lated 

Seeds 

1938 

13 

32 

0.177 

23 

56 

0.156 


without 

1939 

33 

70 

0.245 

36 

77 

0.201 


hull 

1940 

19 

46 

0.170 

33 

73 

0.158 


a Seedling height measured from ground level to tip of uppermost leaf. 


average seedling weight in field soil was somewhat greater than in steamed 
soil, and this difference may be due to the elimination of weak seedlings that 
would be more susceptible to attack of seedling-blight organisms. 

It is apparent that plants of the 1939 seed lots as indicated by rapidity 
of germination, percentage germination of the seed and weight and height 
of seedlings were more vigorous than plants from the other two seed lots 
tested. Also, more vigorous seedlings tend to be less liable to infection by 
smut than weaker seedlings of the same variety. If vigorous seedlings tend 
to resist infection by smut more than weaker seedlings, then the 1939 lot, 
after storage for a period of years, should give rise to plants that are more 
readily infected. Tests run in 1942, with the 1938, 1939, 1940, and 1941 
seed lots inoculated by the partial- vacuum method gave the following per- 
centages of smut, respectively, 43, 25, 38, and 18. The differences in the 
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amount of smut in plants from the 1938, 1939, and 1940 seed lots planted in 
1942 are therefore considerably less than the differences that were found in 
1941 or between plants of the 1938 and 1939 seed lots in 1940 (Table 1). 
The relatively greater susceptibility of plants from the 1939 lot in 1942 in 
comparison with those from the 1938 and 1940 lots confirms somewhat the 
hypothesis given above, namely, that as seeds of a susceptible variety become 
older and become less vigorous in their germination capacity, they will pro- 
duce plants more susceptible to smut. 

DISCUSSION 

During the past 10 years, field tests have been made at St. Paul to deter- 
mine the pathogenicity of the collections of the oat smuts on several varieties 
of oats. It has been shown that some of the collections varied in patho- 
genicity on one variety in successive years and the variation was governed 
by the variety on which the smut inoculum had been increased (8). Obvi- 
ously, different conditions at and immediately following planting will in- 
fluence the degree of infection ; therefore, the amount of smut on a suscep- 
tible variety should vary from year to year, depending on the occurrence of 
conditions suitable for infection. But the amount of smut formed also will 
be governed by the characters of the seed lot used. It has been shown that 
the seed-lot characteristics are of great significance in affording variation 
to attack by smut and that these characteristics may be as important as the 
environment under which the plants are grown in successive years. 

The determination of physiologic races in the oat smuts, especially under 
field conditions, is complicated because plants from seed lots of the same 
variety of oats may be attacked by smut to different degrees. Any attempt 
to replicate in successive years the conditions of any one year, can approach 
success only if recognition be given to (a) the genetic stability of the smut 
collection, (b) the genetic purity of the host variety, (e) .the requirement, 
as far as possible, of similar conditions of the soil in regard to temperature 
and moisture, at planting and for a few days thereafter, and (d) the utiliza- 
tion in successive years of seed lots producing plants that are attacked by 
smut to the same degree. The first two requirements are fairly easily 
solved ; for smut collections, when purified by increase on one variety, tend 
to remain fairly stable, and standard varieties of oats show little variation. 
It is, of course, not possible always to obtain soil conditions favorable for 
infection. Nor can the variation of seed lots be readily controlled. 

It has been shown that plants from seed lots of one variety are attacked 
more uniformly by smut when inoculation of the seed is accomplished by 
removal of the hull and dusting of the naked caryopsis, than when the 
partial-vacuum method of smut inoculation is employed. However, dehull- 
ing of seed is a slow and expensive procedure, and where many varieties are 
to be tested with several collections of smut, the more rapid partial-vacuum 
method is preferred. It is practical, however, to use one seed lot for a 
period of years for, although the viability of the seed will tend to decrease 
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with age, good stands can still be obtained with 5-year-old seed. If snfQcient 
seed from one crop year can be obtained and nsed in determining physio- 
logic races of smut for a 5-year-period, then yearly differences in the amount 
of smut produced will be reduced. The writer is of the opinion that the 
use of one seed lot of each variety for a period of up to five years will assist 
materially in interpreting the data obtained, since the variation in the 
amount of smut on plants from different seed lots will be reduced. 

SUMMARY 

Plants from seed lots of Anthony, Gopher, Rusota, logold, and Black 
Mesdag oats were tested for resistance to Ustilago levis and TJ. avenae. 

Great variation in the amount of smut was found in plants from seed 
lots within one variety, the variation being as great as may be found between 
certain varieties. 

It was shown that variation in the amount of smut occurred with plants 
from seed lots of one variety grown in different years in the same locality, 
and between plants from seed lots of the same variety grown in one year in 
widely different localities. 

The differences in the amount of smut apparently are not due to genetic 
differences in the plants but to modifications in the seed resulting from the 
particular environmental conditions under which the seed was produced. 

When seed lots were dehulled and inoculated by dusting dry ehlamydo- 
spores on the naked caryopsis, smaller, although still significant, differences 
in the amount of smut were found than when the partial vacuum method 
of inoculation was used. 

One seed lot of Anthony oats, when inoculated by the partial-vacixum 
method, produced plants with only 19 per cent smut, while 61 per cent smut 
was produced when the caryopsis was dusted with chlamydospores. In 
plants of other seed lots, only slight differences in the amount of smut re- 
sulted from the use of the two methods of inoculation. It is concluded that 
the relative tightness of the hulls surrounding the caryopsis is responsible 
for the difference in the amount of smut on plants from different seed lots. 

The seed lot of Anthony oats that produced fewest smutted plants germi- 
nated more rapidly and gave larger seedlings than other lots of Anthony. 
It is concluded that the more vigorous seedlings of Anthony oats are less 
frequently attacked by smut than weaker seedlings. 

It is considered that recognition should be given to differences in seed 
lots as a partial explanation of the variation occurring in smut tests made 
over a series of years. It is suggested that more uniform results in the 
determination of physiologic races of smut would be obtained by using seed 
from one harvest for a succeeding period of years rather than obtaining new 
seed lots each year. 

University Farm, 

St. Paul, Minn. 
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EECOVEEY PEOM CUELY TOP IN THE TOMATO IN EBLATION 
TO STEAINS OP THE VIEUS^ 


J. M. Wallace and J. W. Lesley 
(Accepted for publication May 31, 1943) 

All varieties of Lycopersicon esculentum Mill, and of L. pimpinellifolium 
(Jusl.) Mill, are, so far as the writers are aware, susceptible to curly top. 
Under field conditions in the semiarid western United States, plants of cer- 
tain varieties of tomato commonly recover from severe stages of the curly- 
top disease. The new growth of recovered plants shows mild curly-top 
symptoms, but if recovery be persistent and growth continue, the plants 
tend to become more nearly normal, so that late in the season they sometimes 
show only very slight evidence of the disease. This type of recovery has 
been observed only rarely in cultivated varieties of tomato, but in a primi- 
tive race of L. esculentum collected in Mexico and referred to as '‘Guasave 
A,’’^ a large proportion of the plants showed this reaction. Such plants, or 
cuttings grown from them, continued to harbor the virus of curly top, even 
though the plants were nearly normal in aspect. It was shown further that 
these plants were usually highly resistant to injury from reinoculation by 
means of the beet leaf hopper, Eutettix tenellus (Baker), the vector of the 
curly-top virus. Such plants are, therefore, considered to have attained a 
condition of acquired immunity similar to that developed in tobacco and 
tomato and described by Wallace.^'^'^’^ 

Each year for a period of several years, at the University of California 
Citrus Experiment Station, the writers have inoculated plants of Guasave 
A and its derivatives with the virus of curly top, and a detailed study of the 
reactions of these plants has been made. The reactions of this tomato race 
to curly top w^ere not consistent from year to year, the time of the beginning 
of recovery, the proportion of plants recovering, and the degree and per- 
sistance of recovery, being highly variable in different years. For example, 
of 15 Guasave-A seedlings inoculated June 2, 1939, 14 plants recovered, 6 
of the plants making a good, rapid recovery and becoming nearly normal in 
appearance. On the other hand, there was no ease of recovery among 12 
plants of Guasave A inoculated June 21, 1940. Two families, one of 27 
plants and the other of 38 plants, derived from the backcross (Break o’ Day 
X Guasave A) x Guasave A, were inoculated on June 6, 1939, and June 21, 
1940, respectively. In the 1939 test, 16 plants (59 per cent) recovered; of 

1 Paper No. 496, University of California Citrus Experiment Station, Eiverside, 
'California. 

2 Lesley, J. W., and J. M. Wallace. Acquired tolerance to curly top in tlie tomato. 
Pbytopath. 28: 548-553. 1938. 

3 Wallace, J. M. Evidence of passive immunization of tobacco, Nicotiana iabaGum, 
from the virus of curly top. Phytopath. 30: 673-679. 1940. 

4 Wallace, J. M. Evidence of passive immunization of plants from curly top. 

(Abstract) Phytopath. 30: 26. 1940. 

5 Wallace, J. M. Thus strains in relation to acquired immunity from curly top in 
tomato. (Abstract) Phytopath. 32: 18. 1942. 
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these plants, 4 recovered early and made nearly normal growth. In 1940, 
only 6 plants (16 per cent) derived from the same backeross recovered, and 
these did not recover to a degree equaling that of the plants of the 1939 test. 

A similar variability was shown in an Fa family from Riverside x Guasave 
A. Fifteen plants were inoculated in each year, 1939 and 1940. In 1939, 

7 plants recovered, 2 of which developed into vigorous, almost symptomless 
plants. In contrast, only 2 plants of the 1940 group showed evidence of 
recovery, and both of these died after making a feeble recovery. By the 
chi-square test with Yates’s correction, the odds against the occurrence, in 
random sampling, of the differences observed in these 3 pairs of values are 
about 24 to 1. 

The influence of climatic conditions on the initiation and persistence of 
recovery is probably considerable. For the most part, tomato plants, even 
of varieties that have a tendency to recover, experience a severe initial shock 
following infection with curly-top virus. High temperatures speed the 
development of the disease and increase its severity. Under conditions ex- 
tremely favorable for disease development, it appears that plants are often 
injured so severely and rapidly that there is not sufficient time for the reac- 
tion leading to recovery to take place and become effective. In the course 
of these investigations, however, the climatic conditions at the time of inocu- 
lation of the plants and during the periods following inoculation, probably 
did not differ sufficiently from year to year to account for all the observed 
variability with respect to recovery of the plants. 

The discovery that differences in virus strains play an important role in 
the variability of acquired immunity from curly top in the tomato,® sug- 
gested that the variations in recovery in Guasave A and its derivatives, from 
year to year, might result partly from variations in the composition of the 
virus used for inoculation in these tests. The variations in recovery cited 
above occurred in tests made prior to 1941, when no special attention was 
given to the strains of virus used for inoculation of the plants. The plants 
were inoculated by means of leaf hoppers from many different stock colonies, 
some of which carried single, known strains of the virus, while others carried 
one or more unidentified strains. 

In 1941 and 1942, tests with Guasave-A plants and known strains of the 
curly-top virus were, therefore, undertaken. It is the purpose of this paper 
to report the results obtained. 

EXPERIMENTAL RESULTS 

In 1941, 5 different strains of curly-top virus were used singly for inocu- 
lation of Guasave-A tomato plants. Virus strains 3, 5, 9, 58," and 75 were 
selected because of their known virulence on cultivated tomato varieties. 

6 See footnote 5. « . 

7 Beet leaf hoppers carrying the individual strains of enrly-top virus were supplied 
by N. J. Giddings, Senior Plant Pathologist, Bivision of Sugar Plant Investigations, 
XJ. S. Department of Agriculture, Eiverside, California. Strain numbers above 10 have 
been tentatively assigned by him to strains under study but not yet given permanent 
numbers. 
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Five groups of 35 plants each were used. Each group was inoculated wutli 
1 of the 5 virus strains, each plant having 15 leaf hoppers confined to a por- 
tion of the plant by a sleeve-type celluloid cage. The insects were caged 
on the plants on June 11, 1941, and the cages and surviving insects were 
removed 1 week later. General observations w^ere made on the different 
groups of plants during the developmental period of curly top, and records 
were made of the incidence and severity of disease. The reactions of the 
plants in the various groups and the infiuence of virus strains on recovery 
are brought out in table 1. At intervals later in the season, after the plants 
began to show signs of recovery, the severity of symptoms on the original 
diseased parts of each plant was estimated, and the initiation and persistence 
of recovery, the amount of growth after recovery, and the degree of curly- 
top symptoms on recovered growth were recorded. 

In 1942, similar studies were made on 3 groups of 35 Guasave-A plants 
each, inoculated on June 18, with curly-top virus strains 3, 9, and 58, respec- 
tively, which had also been included in the 1941 tests. Another group of 
31 plants was inoculated by leaf hoppers from several stock colonies, each of 
which carried a different strain of curly-top virus. This population, com- 
posed of leaf hoppers caiTying virus strains 3, 9, and 58, as well as several 
other strains known to infect tomatoes, was designated composite strain 
mixture. A mixture of strains 3, 9, and 58 was used for inoculation of 
5 additional plants : 5 leaf hoppers carrying strain 3, 5 carrying strain 5, and 
5 carrying strain 58 were caged on each plant. 

In both 1941 and 1942, there were some striking differences in the reac- 
tions of the Guasave-A plants inoculated with the different virus strains, 
and the differences observed between different strains were, in general, fairly 
consistent in the two years. In plants inoculated with a given single strain, 
however, the amount of injury before recovery, the time of initiation of 
recovery, and the degree of recovery were similar in the two years. In other 
words, the reaction of plants infected with a given strain in 1942 was similar 
to that of plants infected with the same strain in 1941. 

As shown in table 2, the surviving plants in these tests were classified 
according to the amount of recovered growth, whether large, moderate, or 
small, and according to curly-top symptoms on recovered growth, whether 
mild, moderate, or severe. In interpreting these data, it must be kept in 
mind that there was considerable overlapping of the different classes. For 
instance, on some plants it was difficult to determine whether the amount 
of recovered growth was moderate or large and whether the symptoms were 
mild or moderate. The data show clearly that the strains of virus decidedly 
influenced the amount of recovery. With respect to the amount of recov- 
ered growth, plants infected with virus strain 3 were superior to all other 
groups. The severity of symptoms shown by the recovered plants in the 
strain-3 group was also, as a rule, noticeably less than that shown by the 
recovered plants of the strain-9 and strain-58 groups. Plants infected with 
strains 5, 9, 58, and 75, were, for the most part, in either the small- or the 
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Fia. 1. The influence of different strains of the eurly-top Tirus on recovery in 
Guasave-A tomato plants/ A. Eecovered growth of a plant infected with virus strain 3. 
B. Typical recovered plant infected with virus strain 9. 0. Plant of group infected with 
virus strain 58, showing original severely diseased parts with slight recovery on the basal 
portions of the stems. D. Healthy, noninoeulated plant. (Plants inoculated June 18, 
1942,- photographed September IT, 1942.) 
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moderate-growth classes ; and comparatively few of the recovered plants of 
these groups were graded as having mild ciirly-top symptoms. 

In the. 1941 tests, recovery from strain 3 was more rapid, and the recov- 
ered growth was of a better quality, than in the case of plants infected with 
strain 9 or strain 58, even though all 3, strains caused severe injury during 
the early course of the disease, Eecovery in plants infected with strain 9 
was only slightly better than in plants infected with strain 58. The propor- 
tions of plants recovering were as follows: 100 per cent from sti^ain 3, 88.6 
per cent from strain 9, and 80 per cent from strain 58. Although virus 
strains 5 and 75 were not included in the 1942 tests, their behavior in com- 
parison with that of the other strains, in 1941, gave further proof that, in 
this race of tomato, recovery varied with the strain of virus used. 

In 1942, stunting of growth, due to curly top, was evident 18 days after 
inoculation. This was especially noticeable in plants inoculated with the 
composite mixture. of virus strains and in those inoculated with the mixture 
of strains 3, 9, and 58. Plants inoculated with the individual strains were 
slightly less affected at that time. On August 31, 1942, 74 days after inocu- 
lation, recovery was by far the most advanced in the group of plants infected 
with virus strain 3, and was next best in the plants of the strain-9 group, 
which were, in general, in slightly better condition than those of the strain-58 
group. On this date, the plants inoculated with the mixture of these 3 
strains -showed recovery about equaling that of the plants in the strain-58 
group. Representative plants of the single-strain groups are shown in fig- 
ure 1, A-C, in comparison with a healthy, noninoculated plant (Pig. 1, D). 
Earlier in the season, all the inoculated groups had shown very severe curly- 
top symptoms, consisting of almost complete defoliation and partial death 
of the stems. On September 16, 1942, the severity of the curly-top symp- 
toms on the first-affected parts of the plants could still be estimated, except 
on the plants inoculated with virus strain 3, where those older parts were 
obscured by the large amount of new growth. In general, the condition of 
the recovered growth was more normal in plants that recovered earliest, and 
some plants, especially of the strain-3 group, produced a good crop of almost 
normal fruit on the recovered growth. Although all the different groups 
made more growth between the stage shown in figure 1 and the end of the 
season, the differences between the different groups remained in about the 
same order as that shown. 

DISCUSSION AND CONCLUSIONS 

In 1941, 5 strains, and in 1942 3 strains of the curly-top virus were used 
singly for inoculation of Guasave-A tomato plants. Since the percentage 
of inoculated plants that recovered was consistently high and probably not 
significantly different in the two years, it cannot be concluded that the 
variation in percentage recovery in 1939 and 1940 resulted solely from the 
use of different virus strains or strain mixtures. It is evident, however, that 
within a given year, Guasave-A tomato plants inoculated with different 
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strains of the ciirly-top virus varied widely in their recovery reactions. • 
Even when the different virus strains caused severe initial symptoms result- 
ing in marked injury to the inoculated plants, the time of the beginning of 
recovery and the amount and quality of recovered growth differed greatly. 
These differences were so great that it seems very probable that in some years 
environmental conditions may be the deciding factor in recovery of plants 
infected with some of the curly-top virus strains and yet may have very little 
effect on recovery from other strains. Eecovery from virus strain 3 is ini- 
tiated so rapidly and is of such, high order as to suggest that, even under 
the conditions most favorable for development of curly top, plants affected 
by this strain would make a good recovery. On the other hand, in the case 
of certain other virus strains from which plants recover slowly and poorly, 
the same environment might cause a high mortality of plants, resulting in a 
low percentage of recovery. 

In this study of recovery of Guasave-A tomato plants from curly top, 
the results support the earlier work of .Wallace,® in which it was shown that 
acquired immunity from curly top in tomato may be of a high, intermedi- 
ate, or low degree, dependent upon the virus strain carried by the immunized 
plants. Variations in recovery occurred between Guasave-A plants infected 
with strains of virus that cause equally severe symptoms on cultivated to- 
mato varieties and similar initial injury on Guasave-A plants. It was of 
interest, however, that virus strain 5 was less virulent in its primary effect 
on Guasave-A plants than were the other virus strains used, but that recov- 
ery from strain 5 was inferior to that from strain 3, which caused severe 
injury in the early stages of infection. 

While these investigations do not provide a conclusive explanation of the 
high interannual variability in the percentage of recovery of Guasave-A 
tomato plants, they suggest that the strain of virus, as well as the environ- 
mental conditions, determine the percentage of plants recovering. The data 
show further that, in investigations of recovery of tomato plants from curly 
top, it is essential that single virus strains, or known strain combinations, 
be used for inoculation of the plants under study. 

University of California Citrus Experiment Station, 

Eiverside, California. 

8 See footnote 5. 



A RAG--DOLL TECHNIQUE FOE THE INOCULATION OP 
WHEAT AVITH BUNT (TILLETIA LEVIS)" 

J. E. Livingston and Eric Kneen 
(Accepted for publication April 21, 1943) 

INTRODUCTION 

The difficulty experienced in obtaining; high percentages of infection of 
greenhouse germinated and inoenlated winter wheat with bunt (Tilletia 
levis Kiihii) has discouraged detailed studies involving the host and parasite. 
The common method of dusting the chlaniydospores on the seed and then 
planting in moist soil frequently failed to produce infection high enough to 
permit use of the data. The same difficulty was experienced when seed was 
germinated on blotting paper and transplanted to soil. The possibilities of 
the rag-doll method (1) for the germination of wheat became apparent dur- 
ing studies of the development of amylase in germinating wheat (4) . Ac- 
cordingly, tests w^ere started in the fall of 1940 to determine the feasibility 
of using a rag-doll technique for germination of bunt spores and subsequent 
inoculation of sprouting wheat. 

Holton and Heald (2) have reviewed the conditions that influence the 
germination of bunt spores and the infection of wheat plants. They report 
numerous investigations in which the highest average infection was obtained 
when inoculated seed wms germinated at C. This temperature w^as fa- 
vorable for the germination of the chlamydospores (2), and, according to 
Kneen, Miller, and Sandstedt (4), it is favorable for the germination of 
wheat in rag dolls. They found that wheat could be left in the dolls at 10° 
C. for as long as 10 days before the sprouts became too long for transplant- 
ing ; at the same time the temperature wms sufficiently low to prevent con- 
taminating molds from becoming a problem. Consequently, the first in- 
oculation test reported in this paper was conducted at 10° C, and later 
investigations proved this temperature to be the most satisfactory. 

MATERIALS AND METHODS 

The rag doll used was modified from that prepared by Huddleston (1) 
by omitting the paper from around the cloth. Wrapping the cloth in paper 
occasionally interfered with the germination of the bunt spores. When the 
doll consisted of just a roll of cloth, germination was consistently high and 
infection of the susceptible wheat seedlings was adequate. 

The dolls, after sterilization for 30 minutes at 15 lb. pressure in the 
autoclave, were laid out on a clean table and thoroughly soaked wdth tap 
water ; then the excess water was removed by lightly scraping the cloth with 
a flat, wooden pot label. A few dry, glass microscope slides were placed 
on the cloth and the dry bunt chlamydospores'-^ were dusted on them and 

1 From the Departments of Plant Pathology and Agricultural Chemistry, Nebraska 
Agricultural Experiment Station; published with the approval of the Director as Paper 
No. 336, Journal Series. 

2 The chlamydospores were a composite collection of Tilletia levis made by K. S. 
Quisenberry from the bunt nursery at Lincoln, Neb., in 1940. 
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the rag portions of the dolls. The dolls were then rolled moderately tight 
and placed in constant-temperature cabinets at 10° C. The extent to which 
germination had occurred was determined daily by removing a slide from 
each doll and observing it under the microscope. The chlamydospores 
usually began germinating on the fourth day and the first primary sporidia . 
Avere observed on the seventh day. Since Sartoris (5) concluded that only 
primary sporidia were capable of infecting the host, the wheat was not added 
to the doll until primary sporidia ivere being produced. In this manner 
the sprouts could be exposed to the sporidia for the maximum time at this 
temperature. The wheat was prepared for placing in the dolls containing 
the germinating chlamydospores by carefully removing all broken and badly 
shriveled kernels and then soaking the seed in distilled water for 18 hours 
at room temperature. No other seed treatment was used. Two hundred 
seeds were placed, 1 to 0.5 in. apart, on the portion of the cloth dusted with 
chlamydospores ; the doll was then rolled fairly tight, returned to the con- 
stant-temperature cabinet, and left for 10 to 14 days, depending upon the 
rapidity of sprout growth. It was found that seedlings with sprouts 30 mm. 
long were readily transplantable, but, with longer sprouts, the labor and 
time required to prevent high seedling mortality increased rapidly. 

Moisture and temperature apparently were the most important factors 
to control in the rag-doll method. In 2 separate tests the dolls were per- 
mitted to become fairly dry for a few hours, and in both cases low infection 
resulted. The best results were obtained when the dolls were kept near 
saturaton. Drying was retarded by placing pans of water in the constant- 
temperature cabinet. The moisture content of the dolls may be readily 
adjusted by sprinkling. 

INFLUENCE OF TEMPERATURE ON THE GERMINATION OP BUNT SPORES 

The influence of various temperatures on the germination of bunt 
chlamydospores in rag dolls was studied by dusting the cloth portion of the 
dolls with chlamydospores then placing the dolls in constant temperature 
cabinets at 5, 10, 15, and 20 degrees C. Germination was most rapid at 
10° and 15°, slightly slower at 20°, and still slower at 5° C. The production 
of primary sporidia was favored by the 10° C. temperature, first being 
observed after 7 days. They were produced in the same time at 15° C., 
but in much lower numbers. 

In another test at 10, 14, and 18 degrees C., germination was first ob- 
served after 5 days at all temperatures, being 12 per cent, 19 per cent, and 
1 per cent, respectively. Primary sporidia were observed at all tempera- 
tures on the 10th day, and after 12 days there was a much higher percentage 
of spores with sporidia at 10° C. than at the other two temperatures. It 
was difficult to obtain accurate counts of spores with sporidia because the 
sporidia would often be separated from the mycelium when unrolling the 
doll. 

INOCULATION STUDIES 

The results obtained in 3 separate studies demonstrated that the rag-doll 
method of inoculation is practical in tests where seedlings can be trans- 
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planted after inoculation. Ceres spring wheat was nsed in the tests re- 
ported; similar results, however, have been obtained with Cheyenne and 
Blackhull winter wheats. 

In the first two inoculation trials (Tests 1 and 2, Table 1) the seed was 
placed in the dolls on the 7th day following introduction of the bunt spores, 
when primary sporidia were being produced, and left in the dolls for 12 
days before planting in soil. In test 3 (Table 1) the seed was placed in the 
doll on the 10th day and left in the doll at 10° C. for 12 days, when half of 


TABLE 1. — The degree of hunt infection oMained with Ceres spring wheat hy 
using the rag -doll procedure for seedling inoculation 



Number 

of 

plants 

headeda 

Number 

Number of plants 
smutted 

Percentage 
of plants 
smutted 

Inoculatiou method 

of 

seedlings 

Head 

count 

Seedlings 

with 

chlorotic 

spotstJ 

Head 

count 

Seedlings 

with 

chlorotic 

spots 

Test 1 

Bag dolh 

127 

127 

115 

109 

95.5 

85.8 

Chlamydospores on 
seed<i 

130 

130 

42 

47 

32.3 

36.0 

Doll eontroP 

88 

89 

0 

2 

0.0 

2.2 

Control — seed planted 
in soil 

97 

97 

0 

1 

0.0 

1.0 

Test 2 

Bag doll 

137 

137 

124 

121 

90.5 

88.3 

Doll — control 

46 

46 

0 

0 

0.0 

0.0 

Test 3 

Bag doll — seedlings 
planted in sand 

395 

428 

230 

■ 

284 

58.2 

66.4 

Bag doll — seedlings 
planted in soil 

61 

63 

36 

38 

59.0 

60.3 

Control — seedlings 
planted in sand 

36 

36 

0 

0 

0.0 

0.0 


a Due to some HelmintLosporium seedling blight in test 3, a few plants died before 
heading. These were included in the seedling count. 

b Chlorotic spots resulting from bunt infection as described by Johnston and Lefebvre 

(3). 

c Bunt spores placed in rag doll and held at 10° C. until primary sporidia produced, 
then soaked Ceres spring wheat placed in doll until sprout was 30 mm. long. Sprouted 
seed planted in soil unless otherwise stated. 

<il)ry chlamydospores were dusted on the seed and the seed planted in flats of soil 
with a moisture equivalent of 12.76. The moisture was maintained at about one and 
one-fourth moisture equivalent and the flats kept in the greenhouse at 10° C. 
e Seed germinated in doll, not inoculated. 

the seedlings were planted in sand cultures and half in soil. Noninoculated 
controls, in which the seed was germinated in sterilized rag dolls, then 
planted in soil or sand, were used in each test. 

The results of the inoculation tests presented in table 1 are recorded on 
the basis of the number of plants with smutted heads and the number of 
seedlings with the chlorotic spots typical of bunted plants. These chlorotic 
spots have been described by Tillet (6) and more recently by Johnston and 
Lefebvre (3). 
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There was a marked contrast between the amounts of infection obtained 
with the rag-doll inoculation and the procedure involving the dusting of 
chlamydospores on the seed and planting directly into the soil (Test 1). 
The low infection obtained by the latter method is typical of that obtained 
in previous years. The rag-doll method also gave a high percentage of in- 
fection in test 2, where the plants were grown in temperature cases at an 
air and soil temperature of 21° C. after the inoculation at 10° C. 



Fig. 1. Stunting of wheat plants caused by bunt infection of seedlings and subse- 
quent growth in sand culture. 70 — control. 7 — inoculated. 

The ehlamydospores germinated slowly in test 3 and the infection was 
also reduced from the previous tests. The reason for the reduced infection 
is not known. However, the degree of infection was adequate for the ex- 
perimental purpose. It made very little difference whether the inoculated 
seedlings w^ere planted in sand or soil, except that the chlorotic leaf spots 
were evident earlier and were much more pronounced in the sand cultures. 
Under certain nutritional treatments in sand culture, stunting of the in- 
oculated plants occurred. Figure 1 shows a comparison of the control and 
the inoculated plants grown under one of these treatments. 
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VALUE OF THE LEAP-MOTTLING CHARACTER 
The ehlorotie spots on the leaves of bunted seedlings were found to be 
valuable in making preliminary determinations of the amount of infection 
obtained. As can be seen from the table, there was not complete agreement 
between the number of seedlings with chlorotic spots and the appearance of 
smutted heads on the plants. A few of the seedlings showing the chlorotic 
spots that were typical of those on the leaves of bunted plants died from 
Helminthosporntm infection, particularly in sand culture (Test 3). There 
were also a few cases in which it was difficult to distinguish between 
the spots and insect injuries. Then, too, it is entirely possible that 
the bunt infection may have encouraged the death of some of the seedlings 
before heads were produced. However, the data in table 1 indicate that 
with the variety Ceres it is possible to use the presence of chlorotic spots as 
an indication of the degree of infection and as a criterion on which to base 
continuance or early termination of an individual study. Similar data 
(unpublished) indicate the same to be true for two winter wheat varieties, 
Cheyenne and Blaekhull. 

SUMMARY 

The rag-doll method of inoculation was found to be particularly well 
adapted to studies where wheat seed is to be germinated and inoculated with 
bunt under uniform conditions. A large number of seedlings can be in- 
oculated with a minimum of labor and the resulting seedlings are in an 
excellent condition for transplanting. High degrees of infection were ob- 
tained by pregermination of the bunt, spores in rag dolls followed by the 
addition of soaked wheat seed to the same dolls upon the appearance of pri- 
mary sporidia. Seven to 10 days at 10° C. were required for adequate ger- 
mination of the bunt spores followed by a 10- to 14-day period at the same 
temperature to permit the germinating wheat to produce sprouts of some 
30 mm. length. It was found that such seedlings could be transplanted into 
either sand or soil with facility and in the case of the controls, with subse- 
quent normal development. 

Department op Plant Pathology, 

Nebraska Agricultural Experiment Station, 

Lincoln, Nebraska. 
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PHOMA TEREESTRIS ON GRAMINEAE IN THE NORTHERN 

GREAT PLAINS" 

Eoderick Sprague 
(Accepted for publication August 4, 1943) 

Kreutzer^ demonstrated in 1941 that Phoma terrestris Hansen, which 
causes pink root of onion, could, under artificial conditions, attack certain 
cereals. In 1942, Fischer et al.^ reported Agropyron smithii Rydb. as a 
natural host for P. terrestris, as determined by isolations made by the writer, 
and in 1943, Johann^ listed corn as a host for this fungus. On the basis of 
studies during the past 4 years, it appears that P. terrestris should be recog- 
nized as a widespread but minor weak parasite and saprophyte on the under- 
ground parts of cereals, many grasses, and certain other hosts in North 
Dakota and adjoining States. During the 3-year period, 1940-1942, it was 
isolated 366 times, as well as a number of times in 1943. - , 

During 1940 to 1942, the fungus represented only 2.3 per cent of 16,086 
pure cultures of all species of fungi obtained by the writer from the roots 
of field-grown plants. However, while this fungus is seldom dominant in 
root material, it appears on a wide range of hosts. Isolations have been 
made from the following 55 gramineous hosts in this region: Agropyron 
cristatum (L.) Gaertn., A. michnoi Roshev., A. repens (L.) Beauv., A. 
semicostatum (Steud.) Nees, A, sibiricum (Willd.) Beauv., A, smithii, A. 
trachycauhm (Link) Malte, Andropogon furcatus MuhL, A. hallii Hack., 
Arthraxon hispidus var. cryptatherus (Hack.) Honda, Avena sativa L., 
Boutelona curtipendnla (Michx.) Torr., B. gracilis (H.B.K.) Lag., Bromus 
arvensis L., B, carinatus Hook, and Arn., B. erectus Huds., B. inermis Leyss, 
Dactylis glomerata L., Distichlis strict a (Torr.) Rydb., EcMnochloa cncsgalU 
(L.) Beauv., Elymics canadensis L., E, dahuricus Turcz., E. excelsiis Tmcz., 
E. interriiptus Buckl., E. junceus Fisch., E. sibiricus L., Eragrostis pilosa 
(L.) Beauv., Festuca octo flora Walt., F. rubra h., Hordeum brevisubulatum 
(Trin.) Link, R. distichon L., H. vulgar e L., Koeleria cristata (L.) Pers., 
Muhlenbergia richardsonis (Trin.) Rydb., Oryzopsis hymenoides (Roem. 
and Schult.) Ricker, Panicum capillar e L., P. miliaceum L., P. virgatum L., 
Phleum pratense L., Poa pratensis L., P. secunda Presl, Boegneria pendulina 

1 Cooperative investigations between the Divisions of Cereal Crops and Diseases, For- 
age Crops and Diseases, and Dry Land Agriculture, Bureau of Plant Industry, Soils, and 
Agricultural Engineering, Agricultural Eesearch Administration* and Division of Nur- 
series, Soil Conservation Service, IT. S. Dept, of Agriculture; and the North Dakota Agri- 
cultural Experiment Station. 

2 Kreutzer, W. A. Host-parasite relationships in pink root of Allium oepa. II, The 
action of Phoma terrestris on Allium cepa and other hosts. Phytopath. 31: 907-915. 
1941. 

3 Pischer, George W., E. Sprague, H. W. Johnson, and J. E. Hardison. Host and 
pathogen indices to the diseases observed on grasses in certain western States during 
1941. IJ.8.D.A. PI. Dis. Eptr. SuppL 137. Aug. 15, 1942. (Mimeographed.) 

4 Johann, Helen. Phoma terrestris in the roots of mature maize plants. Phytopath. 
33: 526-528. 1943. 
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Nevski/’ ScJiedomiardus paniculatus (Nutt.) Trek, Setaria italica (L.) 
Beauv.j S. lutescens (Weigel) F. T. Hubb., viricUs (L.) Beauv., Stipa 
comata Trin. and Eupr., S. viridula Trin., Sorghum vulgare Pers., S. vidgare 
var. sudanense (Piper) Hitch., Triticum aestivum L., T. durum Desf., T, 
dicocGum Sclirank, T. timopheevi Zhuk., and Zea mays L. We have also 
isolated P. terrestris from Allium cernuum Eoth, Cucurbiia pepo L., Linum 
usitatissimum L., and Lepidkim campestre (L.) E. Br. 

Although the roots of wheat growing in dry sandy soil in mid-late season 
afford the most common host for Phoma terrestris, it also is associated with 
a seed and seedling disease of corn, sorghum, and certain grasses earlier in 
the year. This latter condition was particularly common during June, 
1943, at Mandan, N. Dak., when the x)recipitation for that month totalled 
7.67 inches. 

Trials in the greenhouse with soil-bran, pure-culture inoculum intro- 
duced at seeding time into electrically sterilized loam soil in redwood flats 
showed that Phoma terrestris is, at best, a very weak parasite. While strong 
pigmentation associated with mild lesions developed on the outer tissues of 
some hosts, no deep penetration of healthy tissue occurred. The first two 
triplicated inoculation trials were completely negative, except for superficial 
coloring of some of the roots and sub-crown internodes of Agropyron cris- 
tatum, Elymus junceus, Poa pratensis L., Eainbow oats, Wise. 38 barley, and 
Pilot and Kubanka wheats. These were seeded in the greenhouse on Nov. 
9, 1940, and examined on Jan. 20, 1941. The temperature in the greenhouse 
during this period ranged from 56*^ to 66° P. One of the two series was 
inoculated with Phoma terrestris, which had been originally isolated from 
Gopher oats, Dickinson, N. Dak., in July, 1941 (culture 212 A-1), and the 
other from Spartan barley (culture 214 A-1) from the same place. Both 
of these isolates had been obtained from maturing plants growing in dry 
soil. A third inoculation was made in the greenhouse in Nov., 1941, and 
grown at a slightly low^er temperature (52° to 60° P.). The inoculated 
seedlings were examined Dec. 9, 1941. They showed the following reduction 
in yield of air-dried plants when compared with noninoculated healthy 
checks: Agropyron cristatum, trace; A. trachycaulum, 0.3 per cent; Eain- 
bow oats, trace ; Bouteloua gracilis, 10.5 per cent ; Bromus inermis, trace ; 
Elymus jimcetis, trace ; Wise. 38 barley, trace ; Turghai proso, 1.3 per cent ; 
Sudan grass, 4.4 per cent ; Pilot wheat, none ; and Golden Tom Thumb pop 
corn, trace. The culture in this third series was obtained from a seedling 
of Agropyron smithii Sit Mandan, N. Dak., May 15, 1941, and it was suffi- 
ciently pathogenic to merit listing in the 1942 check list® of the parasitic 
fungi on Gramineae. However, it should be emphasized that this fungus 
caused only 10.5 per cent loss in the small seeded grass, Bouteloua gracilis. 
Under the same artificial conditions, Pythium arrhenomanes Drechs. and 
Pythium debaryanum Hesse, usually caused complete preemergence death 

5 Aecordling to J. R. Swallen, Eoegneria penduUna ISTevski should be transferred to 
Agropyron, but the transfer has not yet been made. 

6 See footnote 3. 
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of this grass. Phoma terrestris is, therefore, considered to be a weak para- 
site on grasses and probably pathogenic only when the hosts are growing 
slowly in cool (about 50° P.) wet soil. The pink root condition in maturing 
cereals represents a saprophytic development on small roots killed by either 
Pythmm arrhenomanes, other fungi, or by drought. It is evidently miieh 
less common than the pink root on mature cereals and grasses, induced by 
Pusarmon oxysportm (Schleeht.) em. Snyder and Hans. 

Phoma terrestris growing on potato-dextrose agar forms compact, slow 
growing, somewhat mounded velvety, gray colonies with rose-colored, plum 
or vinaceous tints, particularly in the substratum. The colonies are often 
sterile, particularly when incubated in total darkness in refrigerators. They 
vary considerably in amount of coloration and several distinct races are dis- 
tinguishable. In 1940, J. E. Machacek told the writer that these cultures, 
which were sterile at that time, were probably a species of Phoma. In the 
fall of 1940, one culture isolated from Elymus sibiricus (199 A-2) produced 
elliptical, hyaline pycnospores, 3-4.8 x 1-1.5 p. Later, typical cultures, 
obtained from Agropyron cristaiim, A. sihiricum, and Tritictim aestiviim, 
and grown either on melilotus culms or on corn meal in flasks, produced 
spores similar to those of culture 199 A-2 when held under common storage 
conditions. The sterile, gray and rosy-tinted cultures are, however, so 
characteristic that little difficulty is encountered in distinguishing them 
from other fungi isolated from diseased roots of Gramineae. 

Division op Cereal Crops and Diseases, 

Northern Great Plains Field Station, 

Mandan, N. Dak. 



OBSEEVATIONS ON A GALL OF SUGAE MAPLE 

Ross ‘W. Davidsoni ano W. A. Campbells 
(Accepted for publication June 1, 1943) 

INTRODUCTION 

Burls or galls of Tarying sizes and shapes are common on hardwoods. 
Certain of these burls are noninfectious and apparently result from injuries, 
while others are known to be caused by bacteria or fungi. ^ Globose or fusi- 
form galls, often bearing one or more cankers, are fairly common on the 
trunks of sugar maple {Acer sacckarum Marsh.) growing on the Kane Ex- 
perimental Forest, Pennsylyania, and on the adjacent Allegheny National 
Forest. Similar galls also were observed in New York and New England. 
Lorenz and ChristenseiP have referred to the same type of sugar-maple gall 
as ‘‘globose canker.’^ The cause of these galls is unknown, and the purpose 
of this paper is to describe them pending further investigations. 

DESCRIPTION OF THE SUGAR MAPLE GALL 

Sugar-maple galls were observed on trees from 2 to 18 inches d.b.h. with 
most affected stems from 4 to 8 inches in diameter. Practically all the galls 
developed on the main trunk, usually not over 6 to 8 feet from the ground. 
The number of galls on an affected tree ranged from 1 to as many as 4. If 
a sprout clump was affected it was not uncommon to find most of the stems 
in the clump bearing one or more burls. Trees with galls were not uni- 
formly distributed throughout the forest, but usually occurred in groups of 
2 or 3 affected trees in an area small enough to be readily noted from a fixed 
point of observation. 

The gall starts as a localized outgrowth involving the whole diameter of 
the stem at the affected spot or only a part of the diameter, and results in a 
pronounced swelling (Fig. 1, A and D). In the early stages of gall forma- 
tion the bark over the hypertrophied part is often smooth, or with only 
shallow ridges, and generally appears to be uninjured. On the larger galls 
the bark is usually cracked considerably on the part showing the greatest 
distortion. Dead streaks often develop on one or more sides of the swollen 
area, making the gall appear as a globose canker. The cankerous aspect of 
the galls usually increases with age, or at least with size, and the larger galls 
often have 2 or 3 open dead areas. Some of these dead areas finally heal 

^ Associate Mycologist, Division of Forest Pathology, Bureau of Plant Industry, Soils, 
and Agricultural Engineering, Agricultural Research Administration, IT. S. Department 
of Agriculture. 

2 Formerly Assistant Forest Pathologist, Division of Forest Pathology ; now Associate 
Forest Pathologist, Special Guayule Research Project, Bureau of Plant Industry, Soils, 
and Agricultural Engineering, Agricultural Research Administration, U. S. Department 
of Agriculture. 

3 Brown, Nellie A. Tumors on elm and maple trees. Phytopath. 31: 541-548. 1941. 

4 Lorenz, R. C., and C. M. Christensen. A survey of forest tree diseases and their 
relation to stand improvement in the Lake and Central States. U. S. Dept. Agr. Mimeo- 
graph. 52 pp. 1937. 
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Fig. 1. Galls of sugar maple {Acer saccharum Marsh.). A. A typical swelling on 
young stem. B. Gross section of a gall showing extensive dark-colored internal area. C. 
Cross section of one-sided gall showing inner discoloration more extensive in swollen areas. 
B. A gall with two dead areas. 

over, producing elongated ridges. The surface of such a gall seldom re- 
mains unbroken long, since further activity by the agent responsible for the 
swelling causes other dead streaks, cracks, or cankers to develop. In time, 
persistent dying of the cambium may kill the tree by girdling. 
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Cross sections tlirougii galls revealed that the wood associated with the 
hypertrophied part was dark, stained with greenish-black streaks or blackish 
streaks in a reddish-brown background in contrast to the normal white wood 
of maple. Sections through galls developing as one-sided swellings on the 
trunk illustrates this clearly, since the wood on the unaffected side remained 
white, while that at the center of the swelling was stained, the pattern of the 
stained part corresponding in general to the shape of the swelling (Pig. 1, 
C). Where the gall involved the whole diameter of the stem the discolora- 
tion extended throughout the entire cross-sectional area with the exception 



Fig. 2. Part of a longitudinal section of a small gall, showing restriction of zones of 
discolored wood to area of swelling. 

of a narrow zone of sap wood (Pig. 1, B). On galls that had not developed 
extensive cankering it was observed that on the cross sections fingers of 
greenish stain extended toward the cambium from the mass of discolored 
wood at the center (Pig. 1, C). Wherever these fingers or outgrowths of 
stained wood touched or closely approached the cambium, the latter was 
killed, resulting in cracks or dead streaks on the surface of the gall (Pig. 1, 
B and D). The greenish or blackish discolorations extended only a short 
distance up and down the stem and were confined between the upper and 
lower limits of the swollen area (Pig. 2). This dark-stained wood remains 
very hard and heavy and is remarkably similar to what has been called min- 
eral stain. 
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CAUSE 

Numerous attempts to isolate a causal organism from the interior of this 
type of gall have given inconsistent results. No organism was obtained 
from the outer margin of the discoloration, that is, from the outer one-half 
to one-fourth inch of dark wood that was covered by a thin layer of living 
sapwood. Several organisms were usually obtained from the central area 
of discoloration. Most common among these were a slow-growing bacterium, 
similar to one isolated from redheart in birch,^ and Tonda Ugniperda 
(Willk.) Sacc. Occasionally the conidial stage of Conioohaeia sp., a faster 
spreading bacterium, and Coryne sarcoides (Jacq. ex Fr.) TuL were iso- 
lated from the same central or pith region of the discolored area. These 
organisms were like those consistently isolated from normal central discol- 
orations in maples and birches. 

The phomopsislike fungus reported by Brown® was never isolated from 
the galls. Nectria sp., although occasionally found fruiting on dead areas, 
was never isolated from the interior tissue. 

There is usually very little evidence of a point of origin at the center 
of these galls, although it is supposed that there is some slight defect such 
as a small branch stub, insect injury, ring shake, or other dead areas as a 
point of origin. 

If any of the organisms isolated is responsible for the death of the sap- 
wood its eifect must be indirect, because none of them was isolated from the 
advancing margin of diseased tissue. Another interesting point is that the 
pathological activity continues in narrow strips, on both sides of which dead 
areas have developed in the cambium (Fig. 1, B). The high moisture con- 
tent of the stained wood might, through frost or extreme cold, have a detri- 
mental eifeet on the living surrounding cells, but this has not been proved. 
Eegardless of the actual cause, the gall appears to be caused by some infec- 
tious agent that gets into the stem when the trees are small and slowly works 
outward through the living sapwood and encroaches slowly to within one 
to several millimeters of the cambium with a resultant stimulation to growth 
at that point. 

IMPORTANCE OF THE SUGAR MAPLE GALL 

No estimate was made as to the percentage of affected trees on the Kane 
Experimental Forest, but the galls were ^‘common,” meaning that they 
occurred throughout the forest in numbers sufficiently great to be readily 
noticeable. Many of the trees with galls were in the intermediate or sup- 
pressed groups, and such trees usually are eliminated in the long run by 
natural thinnings. For practical purposes a tree bearing this type of gall 
has little promise of producing timber and may be removed if cuttings for 
chemical or fuel wood are being made. Evidently the agency inducing gall 
formation is not highly virulent, for the increase in their number in a stand 
takes place at a slow rate. 

s Oanipbell, W. A., and R. W, Davidson. Redheart of paper birch. Jour. Dor. 39: 
63-65. 1941. 

6 See footnote 3. 


SYNEEGISM AS A TOOL IN THE CONSEEVATION 
OF FUNGICIDES^ 

Albert E. I) i m o n d akd James G. Horsfall 
(Accepted for publication July 15, 1943) 

Our country relies heavily on copper in the control of plant diseases. In 
the past year, 100,000,000 lb., computed as copper sulphate, were used in 
agriculture. Copper is much in demand in time of war. Plant pathologists 
are constantly on the alert to develop techniques for reducing the quantity 
used in combating plant diseases without sacrifice in level of control. It is 
the purpose of this note to point out the possibilities of using synergistic 
systems of fungicides to conserve copper. 

For the past year the writers have been engaged in an examination of 
the extent to which savings in fungicides can be effected through synergism. 
A typical system showing synergism consists of carbon disulphide and 
dimethyl amine as members,^ and results of a study of this system are pre- 
sented in Table 1. The magnitude of savings possible through use of 
systems of poisons displaying synergism will be apparent. 


TABLE 1. — Relative dosage necessary to inMMt 50 per cent of a population of spores 
of Sclerotinia fructicola using a synergistic system 


Composition of poison 

Eelative quantity to give 

50 per cent inhibition 

Per cent 

Carbon disulphide 

Per cent 

Dimethyl amine 

100.0 

0.0 

660.00 

94.3 

5.7 

2.52 

85.9 

14.9 

1.78 

72.9 

27.1 

1.06 

63.2 

36.8 

1.00 

50.0 

50.0 

1.01 

30.8 

69.2 

1.34 

0.0 

100.0 

61.50 


An illustration of synergism resulting from mixtures of two materials, 
only one of which shows toxicity to the test organism, is the system consist- 
ing of cuprous oxide and elemental sulphur. The dosages of these materials 
necessary to cause a 50 per cent inhibition of Macrosporium sarcinaeforme 
are shown in table 2. A distinction should be clearly made between syner- 
gistic and additive action of fungicides. That the system under discussion 
is synergistic rather than additive can be demonstrated from the fact that 
sulphur alone is not inhibitory to spores of Macrosporium, whereas combina- 
tions of copper and sulphur are more toxic than is copper alone. From the 

1 Contributions from the Department of Botany, TJniversity of Nebraska, N. S. No. 
140, and of the Connecticut Agricultural Experiment Station. Published with the ap- 
proval of the Director. 

2 The mechanism underlying synergism for this system is chemical, as will be shown 
in a subsequent paper. 
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point of view of the savings of total dosage of fungicide (copper plus sul- 
phur), these data indicate that the phenomenon may be put to practical use, 
for, with this synergistic system, only half as much total fungicide is re- 
quired for a given level of parasite control as when pure toxicants are 
employed. Furthermore, the savings in copper, the critical material in this 
system, is 10-fold. 

Table 2 illustrates some interesting properties of synergistic systems. 
When both fungicides used in the system are plentiful, it will be most prac- 
tical to utilize members at the composition that give maximum toxicity, i.e., 
at the composition requiring a minimum total quantity of fungicide for a 
given level of parasite control. When one is plentiful and the other is not 
(and in this case cost is proportional to scarcity), it will he more economical 
and will conserve the materials needed in other ways to use the composition 


TABLE 2 . — -Savings in a copper fungicide made possible through using it as a mem’ 
ber of a synergistic system against spores of Macrosporium sarcinae forme 


Composition of poison 

Total quantity of 
fungicide for 50 
per cent spore inhi- 
bition (y per cm.®) 

Dosage of OuaO for 

50 per cent inhi- 
bition (y per cm.®) 

Per cent 
cuprous oxide 

Per cent 
sulpRur 

100 

0 

5.00 

5.00 

97 

3 

3.41 

3.31 

90 

10 

2.50 

2.25 

70 

30 

2.12 

1.48 

50 

50 

2.12 

1.06 

30 

70 

2.27 

0.68 

10 

90 

4.93 

0.49 

3 

97 

75.80 

2.27 

0 

100 

Infinite 



giving a maximum saving of the critical material. The peak of toxicity as 
composition is varied will not necessarily be the composition most desirable 
from the standpoint of cost or of conservation of copper. In table 2, it 
may be seen that a composition consisting of 70 per cent copper and 30 per 
cent sulphur will be cheapest to apply and conserve the most copper. 

It is evident that the savings of fungicide that can be effected through 
use of synergistic systems can be appreciable and may prove practical under 
field conditions. 

The above data were obtained in the laboratory. Tests of synergism 
between cuprous oxide and sulphur as spray materials under field conditions 
in 1942 were made for control of potato tip-burn, a disease of uncertain 
etiology. Bach mixture was applied in 3 different dosages, and each dosage 
was replicated in 5 randomized blocks (Table 3). 

In Table 3 it is apparent that a mixture containing 75 to 90 per cent of 
cuprous oxide and 10 to 25 per cent sulphur gave the maximum protective 
value against tip-burn as compared with 70 per cent cuprous oxide and 30 
per cent sulphur in the laboratory. 

When considered in the light of the war-short material copper, the mix- 
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ture that used the least copper was that eontaining only 25 per cent cuprous 
oxide. Stated otherwise it means that if 75 per cent of the cuprous oxide 
was replaced with sulphur, the action of the cuprous oxide was synergisti- 
eally improYed some 14-fold. This is of the order of the 10-fold improYe- 
ment in fungicidal action noted in the laboratory. Sulphur and copper 
have been used periodically together in sprays since Millardet first discov- 
ered Bordeaux mixture. In no case have the results distinguished additive 
from synergistic action. In the present case, sulphur alone was almost 
valueless in tip-burn control, so that synergism is clearly indicated. 

No synergism between cuprous oxide and sulphur was observed in 1942 
field tests on celery for control of Septoria apii 

Since there is at present no way of determining on an a priori basis what 
systems of poisons will be synergistic or the magnitude of synergism that 


TABLE 3. — Savings in a copper fungicide made possible through using it as a mem- 
ber of a synergistic system against potato tip-burn in the field 


Composition of poison 

Dosage for 50 per cent tip-burn con- 
trol (pounds per acre) 

Cuprous oxide 
(per cent) 

1 

Sulphur 
(per cent) 

Mixture 

1 

Cuprous oxide only 

0 

100 

224.00a 


10 

90 

19.40a 

1.94 

25 

75 

4.57 

1.16 

50 

50 

3.15 

1.56 

75 

25 

2.94 

2.21 

90 

10 

2.75 

2.48 

100 

0 

190.00 

16.40 


a Obtained by extrapolation. 


will be shown by given poisons acting jointly, one can merely examine sys- 
tems in a wholesale manner with the object of finding correlations and 
underlying mechanisms for the phenomenon. A considerable number of 
2-member systems have been examined, and the following list indicates some 
possibilities: cuprous oxide with metallic oxides (ZnO, PbO, etc.), metallic 
oxides with sulphur, mercaptobenzothiazole with sulphur, and diphenyl 
amine with sulphur. 

Yet another potentiality in the use of synergistic systems lies in the use 
of organic fungicides. An obstacle to the use of these materials as foliage 
sprays is their high cost and the fact that their production is limited by 
facilities of existing plants. Using organic fungicides as members of syner- 
gistic systems offers the possibility of reducing the cost of spray treatment 
and likewise of extending existing supplies. 

Finally, it may be stated that systems of poisons synergistic for a single 
organism are not necessarily synergistic for all organisms. The system 
cuprous oxide-sulphur has been examined using two fungi: Macrosporkm 
sarcinae forme, susceptible only to copper, doadi Solerotinia fructicola, 
eeptible to both toxicants. Preliminary results indicate that the increase in 
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toxicity against Sclerotinia is by no means so pronounced as it is against 
Macrospormm. Likewise, in the field, the cuprous oxide-sulphur system was 
synergistic in the control of potato tip-burn but not in the control of Septoria 
apii on celery. 

University op Nebraska, 

Lincoln, Nebraska. 

Connecticut Agricultural Experiment Station, 

New Haven, Connecticut. . 


CRANBBREY FALSE BLOSSOM IN RELATION TO 
FLOODING WATER 

Neil E. Stevens 
(Accepted for publication August 18, 1943) 

The few Wisconsin cranberry marshes on which no case of the false- 
blossom disease has been observed on susceptible varieties during the past 
7 years are chiefly those with alkaline flooding water. In at least 2 eases 
we have definite records of the introduction of infected vines of susceptible 
varieties on portions of such marshes where the disease is certainly less 
abundant than it was formerly. 

This has occurred during a period when in spite of serious and appar- 
ently largely successful efforts at the control of the only known insect car- 
rier, false blossom has in general increased on Wisconsin marshes. This 
opinion, namely, that, in spite of our best efforts at control, false blossom 
has been on the increase in Wisconsin during the past 7 years, is shared by 


TABLE 1. — Marshes with alhaline flooding water on which no false ’blossom has been 
found l$S7~19iS 


Location 

Tarieties 

pH of flooding water 

Hertel 

Searls 

7.6 

Eiee Lake 

Bennett & Searls 

7.4 -8.8 

Westfield 

Searls 

7.4 -8.1 

Berlin 

Howes &; Natives 

7.5 -8.2 

Waupaca 

Searls & Natives 

7.8 -8.5 

Spooner 

Searls 

7.6 

Spring Brook 

Howes & Searls 

7.5 


other observers. It was, for example, voiced by Vernon Goldsworthy, who, 
as manager of the Wisconsin Cranberry Sales Company, has been a constant 
and keen observer of Wisconsin marshes for the last 10 years, in his Cir- 
cular Number 40, dated June 23, 1941. 

As is well known, false blossom is present on the vast majority of Wis- 
consin cranberry marshes. On the other hand, almost the only eases where 
marshes with very alkaline water are known to contain plants affected with 
false blossom are new marshes where false blossom plants have been recently 
set. The foregoing observations so strongly suggest a possible causal rela- 
tion that they seem worthy of brief record, even though they are unsup- 
ported by experimental evidence. Moreover, if a causal relation could be 
demonstrated it would have no obvious commercial importance, for too many 
difficulties seem to be associated with the use of such water. The flooding 
water of the great majority of Wisconsin marshes is between pH 6.0 and 
pH 7.0, 

Negative evidence, particularly negative field evidence, is usually not 
taken very seriously. The symptoms of cranberry false blossom are, how- 
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ever, conspieiiOLis and tlie disease lias been a major interest of mine for at 
least 20 years. It seems reasonably certain, then, that it is not abundant 
on these marshes, which have been repeatedly visited and studied during 
the period under discussion. 

It is possible that the disease may never have been introduced on the 
marshes at Hertel, Westfield, and Waupaca. The only Searls vines planted 
on them are known to have come from what is still one of the cleanest 
marshes in the State. On the other hand, it is highly probable that diseased 
vines have been planted on each of the others and evidence that the disease 
w^as introduced on the Berlin Marsh in considerable amounts in vines of the 
susceptible Howes variety seems to be beyond question. 

Under date of October 17, 1930, Mr. L. M. Rogers, then Cranberry 
Specialist for the Wisconsin State Department of Agriculture, made the 
entry in his notes with reference to this marsh, False blossom well scattered 
through the Howes. I did not see it on the Natives.’^ The Howes vines 


TABLE 2. — Marshes with alkaline flooding water where false hlossom has heen 
recently introduced 


Location 

Variety 

pH of flooding water 

Hayward 

Searls 

7.9 

Court O^Eelles 

Searls 

7.2 - 7.9 


here mentioned were planted about 1925, and came from New Jersey. They 
were almost certainly infected when planted. Later, under date of June 9, 
1931, Mr. Rogers again notes the apparent absence of false blossom on the 
Natives and its presence in considerable abundance on the Howes. On 
August 30, 1933, May 17, 1935, and July 26, 1935, he mentions specifically 
looking for symptoms of the disease and failing to find them in the vicinity 
where they were found in 1930 and 1931. In the last record he adds ‘H 
think most of the false blossom that came in the Howes has died out.’’ To 
this I can only add that I have been unable to find the disease here during 
1937-1943. 

There are other marshes than those listed that indicate alkaline flooding 
water does not favor the spread of cranberry false blossom. On the marsh 
near Turtle Lake (flooding water 7.4 -8.0) there were planted in 1932, 5 
acres of Howes vines known to have come from a marsh where there was and 
is a scattering infection of false blossom. Moreover, on August 31, 1935, 
L. M. Rogers entered the record False blossom present in many places.” 
Careful search on these same sections under favorable conditions in 1941, 
42, and 43 revealed only a few uprights showing symptoms of false blossom. 
On a marsh near Nekoosa (flooding water 7.3), Mr. Rogers spent nearly an 
entire day in 1935 roguing false-blossom plants from a one-fourth acre 
section of somewhat mixed McFarlin vines planted in 1934. Since 1937, 
I have been able to find on this section only a single diseased upright. Even 
if it be assumed that Mr. Rogers removed every infected shoot but one in 
1935, it is obvious that the disease has not spread. 
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The relation indicated by the foregoing observations suggests that these 
alkaline marshes, often not very productive of fruit, might be used for grow- 
ing vines for sale as planting stock but for the psychological difficulties of 
selling vines from areas known to be relatively unproductive. 

Wisconsin State Department op Agriculture. 


TILLETIA TUMBPACIENS, A EEMARKABLE GALL-PORMING 
SMUT PROM INDIA 

B. B. Munbktjr 
(A ccepted for publication July 2, 1948) 

TilletM tumefaciens Sydow was founded by Sydow (1) to accommodate 
a smut occurring in the shoots and axillary buds of Panicum antidoiale Retz. 
It was collected at Lyallpur on Sept. 30, 1908, and was sent by D. Milne to 
Sir Edwin J. Butler who diagnosed it as an undeseribed species of Tilletia. 
The specimen in the Herb. Crypt. Ind. Orient, is a small portion of the 



Fig. 1. Healthy Fanieum antidoiale, showing rhizome-like base. 

scanty-type specimen, the major portion of which is in the Herb, Sydow at 
Stockholm. A description of the fungus recently was published by Mund- 
kur (4). 

Abundant material of this unique gall-foimiing Tilletia has recently been 
collected at Eohtak, a small township about 30 miles due west of New Delhi, 
which has enabled a more careful study of it to be made. 

Panicum aniidotale is a tall perennial grass with a stout rootstock ; it is 
often found growing among the shrubs in hedges or as isolated bushes. Its 
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Pia. 2. A. Axillary bads turned into galls at tbe base of tlie plant. B. Witebes 
broom effect; all leaves are not attacked. 0. Buds transformed into large, finger-like 
tumors. 


culms attain a lieigM of m., are solid, terete and woody, and its leaves are 
rigid, linear, up to 60 cm. long and 2 cm. wide, with, a smooth surf ace on both 
sides. Intra-vaginal branches arise from the leaf axils, especially at the base 
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of tlie plant (Fig. 1) . The growing point of the young undeveloped branches 
is enclosed by smooth bud scales, about 2 cm. long. The grass is said to have 
a medicinal value in throat affections and for fumigating wounds; it also is 
stated to be an antidote for hydrophobia. 

In a smutted plant (Fig. 2), the young axillary buds at the base are 
attacked, the main shoot, bearing undamaged inflorescence, being healthy. 
The upper axillary buds, as a rule, are not affected, though a gall also was 
found high up on the grass. The attacked bud, the bud scales and the pro- 
phyllum, as a result of hypertrophy and hyperplasia, become considerably 
swollen, forming a globose, black mass, having the appearance of a gall, 
though the structure actually consists of several galls held together. In 
advanced cases (Fig. 2, C), the central bud enlarges, being 9 to 10 cm. long 
and 2 to 3 cm. broad, forming a finger-like tumor. Within the tumor are 
the black spores, which easily get separated and dusted over the entire struc- 
ture, giving it its black appearance. More than one bud in the axil may be 
attacked and 3, 4 or even 5 finger-like tumors can be seen emerging at one 
node. The scale leaves become hairy, swollen and considerably lengthened ; 
they are filled within with the spores of the smut, the entire internal tissues 
being utilized by the fungus. 

The masses of black spores are pulverulent and shed in enormous quanti- 
ties. The galls emit the odor characteristic of wheat bunt, evidently due to 
the presence of trimethyl amine. The odor is so powerful that the presence 
of the smut can be made out even from a few feet away. The galls attract a 
considerable number of insects that carry the spores far and wide. 

In the original description of the smut, it is stated that the sori develop 
in the apical region, converting the stem, bud leaves, and panicle into a large 
hood-shape gall. It will be noted that the abundant material that has now 
become available shows that the main stem is not attacked and that the parts 
where the sori develop are the axillary buds usually at the base of the plant. 
The spore masses, far from being rust colored, are almost black en masses 
and the spores themselves are kaiser-brown to hazel (Eidgway). They are 
16.0 to 23.0 p in diameter with a mean of 19.3 p. The mean of the measure- 
ments of 50 spores of the type specimen was reported by the writer (1940) 
to be 20.6 p, but measurements of a larger number of spores now indicates 
that it is 19.3 p. The sterile cells are thin- walled, smooth, 22.7 to 37.0 p in 
diameter, hyaline, and occur in groups of 3 to 8. The epispore is 3 to 4 p 
thick, with 5- to 6-angled reticulations. The frequencies are given below: 


Diameter in jx 16 17 18 19 20 21 22 23 

Frequency 9 20 32 75 28 22 9 5 = 200 

Mean = 19.3 


TilleUa tumefaciens By doyv, loc. Eohtak, 27-12-1942, leg. S. Ahmad. 

As far as can be ascertained from available literature, about 98 species 
of Tilletia have been described and, with very few exceptions, a majority of 
them are ovaricolous. In some cases the attacked ovaries are considerably 
swollen, but the formation of large tumors appears to be a character- 
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istic of Tilletia tumefaciens alone. Ciferri (1, 2) limits this genus to the 
ovaricoloiis smuts and has transferred Tilletia earlei Griff., \Yhieh is culmi- 
colous, to the genus Ustilago. However, Tilletia flectens Lagerheim, Tilletia 
oUda (Eiess) Winter, Tilletia sterilis Ule, Tilletia Sesleriae Juel are some of 
the well-known species whose sori are formed on the leaves in the form of 
long stripes and, even now (3), recognized as being well-established in 
the genus Tilletia. Limiting the genus to the ovaricoloiis species alone 
ignores the fact that the separation of the g’enera of the Tilletiaceae from the 
Ustilaginaceae is based, not on the location of the sori on the host, but on the 
mode of germination of the spores and other morphological characters. 

The size and the general morphology of the spores of Tilletia tumefaciens, 
the place where the sori occur, the odor of trimethyl amine associated with it, 
and the mode of germination by formation of a nonseptate promycelium, at 
the apex of which the sporidia are borne, leaves,, no doubt that the limitation 
placed on the genus is not justified. 

Specimens have been deposited in the Herb. Crypt. Ind. Orient. ; Herb. 
Kew,- Harlow Herbarium; and the Mycological Collections of the IT. S. Dept. 
Agr., Washington, D. C. 

SUMMAEY 

This note reports the rediscovery of the remarkable gall-forming species 
of Tilletia on Panicuni antidotale, which Sydow named Tilletia tumefaciens. 
The limits of the genus Tilletia are discussed and evidence supplied to dem- 
onstrate that it cannot be confined to the ovaricoloiis smuts alone. 

Herb. Crypt. Ind. Orient, 

Imperial Agr. Res. Inst., 

New Delhi, India. 
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BOOK REVIEW 


AikswoetHj G-. G., AND G. E. Bisby. A 'Dictionary of the Fungi. The Imperial Myeo- 

logical Institiitej KeWj Surrey, England. 359 pp. 138 figs, (ten plates). 1943. 

Price, $4.60. 

It is now some years ago when I first learned of the intention of the Director of the 
Imperial Myeological Institute to publish a dictionary of the fungi — a sort of compendium 
volume to J. C. Willis’ dictionary of the Flowering Plants and Ferns” (Cambridge, 
TJniv. Press). All those familiar with Willis’ very useful dictionary will agree that a 
similar one for the fungi would meet with a great reception, provided the task were 
accomplished in an equally creditable manner. 

The book finally arrived and it affords me real pleasure to direct the attention of a 
wide circle of readers to same. Its aim has been nobly achieved, and, testing it from 
many angles, I have had no single disappointment. It is very much up-to-date. The 
generally unsatisfactory state of classification of fungi must have constituted quite a 
problem to the authors, who have, however, succeeded in not involving themselves — and 
the reader — in difficulties. It is surprising toi note the vast amount of information the 
authors have been able to crowd into so little space. Many brief notes on subjects like: 
methods — bacteria — ITstilaginales — sex — ^pigments (chosen at random) have principal 
literature references added. 

Last, but not least, the book is well got up — a credit to the printer and publisher, 
especially in these war times. It can be recommended without reservation as filling, most 
satisfactorily, a long-felt want. The authors are to be congratulated. — H. T. Giissow, 
Associate Director, Science Service, Dominion Dept, of Agriculture, Ottawa. 


NOTICE 

A Statement of Recommended Procedure to be followed an employer 
in requesting deferment of a Plant Pathologist has been prepared by the 
War Committee and distributed to ‘‘key’’ men in each State. If you do 
not have access to a copy of this statement, a copy may be obtained by 
writing C. C. Allison, Secretary, Dept, of Botany, Ohio State University, 
Columbus, Ohio. 
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SIR EDWIN JOHN BUTLER, C.M.G., C.I.E., D.Sc., LL.D., P.R.S. 

187^1943 

H . T . G tj s s o w 

Sir Edwin, notwithstanding a cordial relationship with nunierons mycol- 
ogists and plant pathologists on this Continent, never became a member of 
The American Phytopathological Society. However, many of ns whose 
privilege it has been to know this eminent and lovable man, who after long 
and faithful service to our profession has passed from this life into one of 
everlasting peace and glory, feel that a place of honor may be fitly accorded 
him in our journal. Sir Edwin passed away on April 4th this year, after 
many years of loyal service in India, the climate of which undermined his 
health, as has so often been the ease with many a stronger man. He had 
been very ill for the last two years — ^his heart grew steadily weaker— influ- 
enza set in, and the strain was too great. ... 

Born in County Clare, Ireland— educated at Queen’s College, Cork — 
senior scholar in 1896 — he was graduated in medicine (M.B. Hons.) at the 
Royal University of Ireland, but, like so many of his British colleagues of 
similar training, he favored Botany as his life’s calling. During a travelling 
scholarship (1899-1900) in Paris, Freiburg — of which he often spoke with 
pride and pleasure — the Antibes, and Kew, he interested himself in the study 
of water moulds and related fungi. 

In 1901 he received his appointment as eryptogamic botanist to the Gov- 
ernment of India, and at once threw his heart and soul into the mycologieal 
problems of the great Empire he served with such distinction. In 1905 he 
went to Pusa as Imperial Mycologist at the Imperial Agricultural Research 
Institute, w^here his first task was to train workers in the methods of botani- 
cal and mycologieal research. He established for himself the reputation of 
a capable and inspiring teacher, commanding the respect and gaining the 
affection of a large staff who soon became devoted to this sincere, patient, and 
kindly man. 

His earlier interests culminated in his still classical Memoir: ^^An ac- 
count of the genus Pythium and some Chy tridiales ” (1907). With H. and 
P. Sydow he commenced a series of special articles (Fungi Indiae orientalis 
1906-1916) — which laid the foundation to ^^The Fungi of India” published 
jointly with his good friend and collaborator, G. R. Bisby, formerly of the 
University of Manitoba but soon joining Butler ’s staff at the Imperial Myco- 
logical Institute at Kew. Among his numerous contributions to our science, 
his ‘‘Fungi and Disease in Plants” (Calcutta, 1918), perhaps more than any 
othei", established his international reputation. Prior to his lamented death, 
Butler engaged in rewriting the first chapter for a new book he had long in 
mind, and in which he wished to summarize a life’s long experiences. 

The selection of so experienced and distinguished a man as first Director 
of the Imperial Mycologieal Bureau (now Institute) in 1921 was indeed a 
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wise and happy choice, and one that soon made the Institute, under his direc- 
tion, one of the world’s most famous. In 1922 this indefatigable worker, 
assisted by a devoted staff, brought out the first number of the ‘^Eeview of 
Applied Mycology,” which, as I have been told often by workers throughout 
the universe, ‘‘is the first periodical consulted when one takes up a new 
problem.” The “Review” lives and surpasses in its scope and its concep- 
tion similar publications in any language. In 1924 Butler inaugurated the 
first “Imperial Mycological Conference” between workers of the British 
Empire. During these, I became intimately befriended, enjoying often the 
great privilege of being his house guest and that of his charming lady. In 
1926 Butler was elected a Fellow of the Royal Society of London (in 1934 
to the council of the Society) ; in 1932 he was awarded the C.M.G. ; in 1938 
the old University of Aberdeen honored him with the degree of LL.D., and 
in 1939 he received his knighthood in recognition of his meritorious and out- 
standing services to his Empire. Finally, in 1935, he could no longer — as he 
told me — ^“in self respect” resist the urgent demands made upon him by the 
Agricultural Research Council of Great Britain and became its secretary. 
The destiny of the Institute, which he so successfully guided, then passed on 
to his trusted Assistant Director, S. F. Ashby, B.Sc., succeeded on the lat- 
ter’s retirement by Dr. S. P. Wiltshire, who has before him the task of carry- 
ing on in the spirit of its founder. 

“Exegi monumentum . . . quod non . . . annorum et fuga temporum 
possit diruere.” 


MULTIPLICATION OF VIRUSES IN THE DODDER, 
CUSCUTA CAMPESTRIS 

A. S . C 0 S T A 2 

(Accepted for publication September 16, 1943) 

INTRODUCTION 

Bennett (1) was the first to report that species of Ciiscuta eonld be used 
to transmit certain plant viruses. Working with two species of this genus, 
Ciiscuia subinchisa Dur. and Hilg. and C. calif omica Choisy, he was able to 
transmit cucumber-mosaic virus from tobacco to tobacco and also to Nicoti- 
ana glauca Grab, Moreover, he was able to transmit curly top of sugar beet 
by means of C. suhincUisa. 

The transmission of viruses through dodder was discovered indepen- 
dently by Johnson (3, 4), who succeeded in transmitting aster-yellows, 
tomato bushy-stunt, sugar beet curly-top, tobacco-mosaic, and white clover- 
mosaic viruses by means of the parasitic activities of Cusciita campestris 
Yuncker. 

Kunkel (5) reported transmission of cranberry false-blossom virus to 
several species of plants through the same dodder used by J ohnson. He was 
the first to emphasize (6) that the great importance of this new method of 
transmitting plant viruses lies in the fact that many viruses heretofore 
obtained in a single or in few related species could by this means be trans- 
mitted to new hosts in which they could be studied to better advantage. 

The role played by dodder in the transmission of viruses is not yet fully 
understood. Bennett (1) reported that Cuscuta siihinclusa becomes in- 
fected with cucumber-mosaic virus and retains the virus indefinitely on 
immune plants. Johnson (4) pointed out that neither tobacco-mosaic virus, 
which was transmitted, nor tobaeco-ring-spot virus, which was not trans- 
mitted, multiplies in dodder. No reference was made to the other viruses 
with which he worked. 

The present paper reports results of a study of the role played by the 
dodder, Cuscuta campestris^ in the transmission of 4 viruses: ordinary 
tobacco-mosaic virus {Marmor iabaci H. var. vulgar e H.), aucuba-mosaic 
virus (If. tabaci H. var. aucuba H.), cucumber-mosaic virus (M. cucumeris 
H. var. vulgar e H.), and cranberry false-blossom virus (Chlorogenus vac- 
ciniiH.). 

MATERIAL AND TECHNIQUE 

The experiments herein reported were conducted in one of the green- 
houses of The Rockefeller Institute for Medical Research, Princeton, New 
Jersey, from January to June, 1943. 

1 Fellow of Tlie Rockefeller Foundation. 

2 Tk© writer is greatly indebted to Dr. L. 0. Kunkel, Dr. F. O. Holmes, and otlier 
members of The Rockefeller Institute for Medical Research, Princeton, N. J., for advice 
and criticism offered during the investigation reported in this paper and during prepara- 
tion of the manuscript. 
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SoTirce of Viruses and Dodder 

The viruses used in these experiments were obtained from the collection 
carried at this Institute. Susceptible plants were first infected mechani- 
cally or by grafting with the virus desired. After the inoculated plants 
showed systemic symptoms, healthy dodder stems were established on the 
diseased plants and the dodder growth developed on them constituted the 
source of viruliferous dodder. A constant supply of healthy dodder was 
kept on tomato or tobacco plants. All experiments were made with C us cut a 
campestris. 

Transfer of Vector 

In all eases dodder stems 4-8 inches long were used in making trans- 
missions. This was found more desirable than connecting the test plants 
to dodder that w'as still attached to diseased plants. It not only diminished 
the chances of contamination but also facilitated the handling of individual 
plants. The dodder stems were always arranged around suitable parts of 
the host plants, mostly around the younger parts of the stem. The dodder 
growth was in general left undisturbed on the test plants for about 15 days ; 
then it was pulled off. How^ever, care was taken to prevent connections 
between adjoining plants, the advancing tips of the dodder stems sometimes 
being pinched off before the 15 days had elapsed. 

Test Plants 

Plants of Ly coper sicon esculentum Mill. var. Bonny Best were used 
exclusively in the experiments with cranberry false-blossom virus both as 
sources of inoculum and as test plants. The alfalfa plant, Medicago sativa 
L., served as a plant immune from cranberry false-blossom virus.^ Tomato 
and tobacco plants were used in studying tobacco-mosaic and aucuba-mosaic 
viruses. Crimson clover {Trifolium incarnatum L.) and alfalfa were used 
as plants immune from these viruses. For cucumber-mosaic virus, tobacco 
and Nicotiana glutinosa L. served both as sources of virus and as test plants. 
In the beginning, soybean. Glycine max Merr., was used as a plant immune 
from the virus (7), but the dodder grew poorly on it. Later trials W'Cre, 
therefore, made with the red clover. Trifolium pratense L., also immune 
from this virus (7). 

In most cases dodder was placed on the host plants when they were very 
young. Not only was it easier to establish the dodder on young plants, but 
the incubation periods of the diseases were shorter than in old plants. 

The development of symptoms was used as a criterion of transmission 
in the case of cranberry false-blossom virus. With cucumber-mosaic, ordi- 
nary tobacco-mosaic, and aucuba-mosaic viruses, judgment as to transmission 
was based not only on the development of symptoms but also on results of 
subinoculations to tobacco, Nicotiana glutinosa^ N. sylvestris Speg. and 
Comes, or Vigna sinensis (L.) Bndl. var. Black. The host plants that 

3 Kunkel, L. 0. Unpublished work. 
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showed no symptoms were tested by mechanical inoculation to one or another 
of these species shortly before being discarded. The immune plants serving 
as hosts for the dodder also were tested for the virus concerned by subinocu- 
lation to one of these susceptible species. 

In experiments with cranberry false-blossom virus, the tomato test plants 
were kept for observation until 90 days after the dodder stems had been 
established on them. In the cases of tobacco mosaic and aucuba mosaic, the 
test plants were kept only 40 days, being then tested and discarded. With 
cucumber-mosaic virus, the test plants were discarded 30 days after they 
had been parasitized by dodder. 

Controls 

Healthy dodder stems were placed on the control plants in the case of 
cranberry false-blossom virus. In the experiments made with viruses me- 
chanically transmissible, control plants were parasitized with viruliferous 
dodder stems in the same manner as the test plants. A short time after this 
had been done, the viruliferous dodder was removed and a healthy dodder 
stem substituted. It was thought that this procedure would afford a check 
against the possibility of mechanical contamination when placing the dodder 
on the test plants. 

Other details regarding technique will be given with data on the experi- 
ments concerned. 

EXPERIMENTAL 

Negative Bvidenee on the Multiplication of Ordinary Tobacco- 
Mosaic and Aucuba-Mosaic Viruses in Dodder 

In a study of the multiplication of ordinary tobacco-mosaic and aucuba- 
mosaic viruses in dodder, an attempt was made first to measure the virus in 
dodder stems quantitatively by mechanical inoculation. Soon it was learned 
that the dodder juice had an inhibitory effect on both viruses and that both 
occurred only at a very low concentration in dodder. 

Inhihiiory Action of Dodder Juice on Ordinary Tohaeco-Mosaic and 
Aiiculoa-Mosaic Yiruses, Preliminary attempts to recover ordinary tobacco- 
mosaic virus from dodder stems grown on diseased plants showed that very 
little virus could- be recovered. Three experiments were made. In each, 30 
leaves of Nicotiana glutinosa and 10 Turkish tobacco plants were rubbed 
with dodder juice from stems grown on diseased plants. Carborundum was 
added to the inoculum. A total of 37, 15, and 20 lesions was obtained on 
N, glutinosa and a total of 9, 5, and 4 infected tobacco plants, respectively. 
Without the addition of carborundum it was difficult to get a single lesion 
on A. glutinosa. Similar results were obtained with aucuba-mosaic virus. 

In table 1 results are given of experiments on the inhibitory action of 
dodder juice on oi’dinary tobacco-mosaic virus as measured on Nicotiana 
glutinosa. The virus solutions were prepared at 3 concentrations (lO'^, 
10“^, and 10'^) in water or 0.1 M neutral phosphate buffer. Equal parts 
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TABLE 1. — Inhibitory action of dodder juice on tobacco-mosaic virus as measured 
by the number of local lesions secured on Nicotiana glutinosa. Concentration of dodder 
juice 1 : B 


Dilution, treatment, and average number of lesions^ 


Experiment 

No. 

i X 10^ 

4 X 10-2 

i X 10-2 

Dodder 

juice 

Control 

Dodder 

juice 

Control 

Dodder 

juice 

Control 

lb 

9.9 

52.8 

2.0 

15.2 

0.1 

7.3 

2 b 

15.9 

84.6 

4.1 

43.5 

1.0 

10.1 

3 b 

7.3 

23.9 

2.6 

20.6 

0.6 

6.5 

4 c 

2.1 

29.3 

0.4 

9.8 

0.3 

4.8 

5 c 

4.8 

43.5 

0.5 

22.3 

0.1 

6.4 

Average 

8.0 

46.8 

1.9 

22.3 

0.4 

7.0 


a Average number of lesions per lialf-leaf based on 10 half -leaves, 
b Diluent distilled water, 
c Diluent 0.1 M phosphate buffer at pH 7. 


of virus solutions and normal dodder juice were then mixed shortly before 
inoeulation. Controls were brought to the same dilution by addition of 
water or buffer, as required. The results show that at the 3 dilutions tested, 
viz., J X 10'^, I X 10"^, and i x lO'^, the same amount of dodder juice reduced 
the iiifectivity of the inoculum by 82.9, 91.5, and 94.3 per cent, respectively. 
The results suggest that the action of the inhibitor is, in part, on the virus 
itself (2, 8). 

The low concentration of the virus in dodder grown on diseased plants 
and the inhibitory action of the dodder juice may perhaps explain why 
Bennett (1) could not recover the virus by mechanical inoculation from 
Cusciita suHnckisa grown on diseased plants. 

Experiments on the Transmission of Ordinary Tohacco-Mosaic and 
Aucnha-Mosaic Yinises l)y Dodder Taken Directly from Diseased Plants and 


TABLE 2. — Transmission of tobacco-mosaic and atieuba-mosaic viruses by the 
dodder, Cusouta campestris, from tomato to tomato 


Virus' of 

Test plant 

Nature of dodder stems used to 
parasitize the test plants 

Dodder 

from 

diseased 

plants 

Dodder originally grown 
on diseased plants and 
then transferred through 
a series of immune 
plants 

After 1st 
transfer 

After 2nd 
transfer 

Tobacco mosaic 

Lycopersicon escidentum 





var. Bonny Best 

5/31a 

0/48 

0/10 

- 

Control 

0/10 

0/20 

0/5 

Aucuba mosaic 

Lycopersicon esculentum 





var. Bonny Best 

2/28 

0/23 

0/19 


Control 

0/10 

0/10 

0/10 


a The numerator indicates the number of infected plants and the denominator the 
number of plants that were parasitized with the viniliferous dodder. 
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after Transfers Through Immune Plants, Owing to tlie difficulty of mea- 
suring ordinary tobacco-mosaic and auenba-mosaie viruses in dodder stems 
by quantitative methods based on local lesions, it was decided to investigate 
the behavior of these viruses in dodder by making successive transfers of 
viruliferous dodder stems on immune plants. After each transfer, the 
dodder growth was tested for virus by mechanical inoculation and by trans- 
fer to susceptible host plants. It was thought that these transfers would 
provide an increasing dilution of the viruses unless they could multiply in 
dodder. 

In tables 2 and 3 are presented the results of transmission of ordinary 
tobacco-mosaic and aucuba-mosaic viruses through dodder when taken 
directly from diseased plants and after one and two transfers on immune 
plants. It will be seen that in a few cases transmission was obtained 
through dodder taken directly from diseased plants, but that in no case was 


TABLE 3 . — Transmission of tohacco-mosaic and aiicudia-mosaic viruses "by the 
dodder, Cuscnta campestris, to tobacco plants 


Virus of ' 

Test plant 

I Dodder stems grown on | 

diseased plants 

Control 

Erom tomato 
plants 

From tobacco 
plants 

Tobacco mosaic 
Aueuba mosaic 

Turkish tobacco 

n t c 

00 

1/4 

0/4 

0/9 


a See footnote.- table 2. 


transmission obtained after the first or second transfer. The mechanical 
inoculations confirmed this point. No lesions were obtained on Nicotiana 
glutinosa inoculated with dodder extract taken after the transfers. 

These results confirm the view of Johnson (4) that the ordinary tobacco- 
mosaic virus does not multiply in dodder and show that this is also true for 
the aucuba-mosaic strain. 

Multiplication of Cucumber-Mosaic Virus in the Dodder, 

Cuscuta campestris 

The results obtained with cucumber-mosaic virus in dodder, Cuscuta 
campestris, confirmed the findings of Bennett (1) that cucumber-mosaic 
virus infects and multiplies in dodder. 

Transmission of Cucumher-Mosaic Virus hy Viruliferous Dodder Grown 
on Immune Plants, Dodder stems grown on diseased plants transmitted 
cucumber-mosaic virus to almost all susceptible plants on which they were 
placed and established. In one experiment, 7 tobacco plants of 9 that had 
been parasitized with dodder from diseased plants became affected and 7 of 
8 Nicotiana glutmosa plants. Four tobacco plants and 7 N, glutinosa plants 
used as controls remained healthy. In another experiment, 16 of 20 Turkish 
tobacco plants were infected and none of 10 controls. In a third experi- 
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TABLE 4. — Transmission of cucnniher mosaic virus through dodder tahen directly 
from diseased 'plants and after transfers on immmie plants 




Nature of the dodder stems 


Dodder tested 

Test plant 

Prom 

diseased 

plants 

Grown on diseased plants and then 
transferred on immune 
plants after 


1st 

trans- 

fer 

2nd 

trans- 

fer 

3rd 

trans- 

fer 

4th 

trans- 

fer 

Parasitizing the 

Nicotiana tabacum 

4/6a 

3/4 

4/4 

4/4 


test plants 
Control 

Turkish 

i ( 

0/4 

0/4 

0/4 

0/4 


By mechanical 

N. tabacum 

5/5b 

5/5 

5/6 

5/5 

5/5 

inoculation 







Control 

it 

0/5 

0/5 

0/5 

0/5 

0/5 

By mechanical 

N. glutinosa 

5/5 

5/5 

5/5 


5/5 

inoculation 







Control 

it 

0/5 

0/5 

0/5 


0/5 


a See footnote, table 2. 

Denominator gives the number of plants inoculated and the numerator the num- 
ber of plants infected. 


ment, all of 7 Turkish, tobacco plants were infected and none of 5 controls. 
The incubation period in these experiments varied from 9 to 20 days. 

In table 4 are presented some results comparing the transmission of 
cucumber-mosaic virus through dodder taken directly from the diseased 
plants and after transfers on immune plants. Prom the table it can be seen 
that, even after the 4th transfer, virus was present in dodder at approxi- 
mately the same concentration as in dodder grown on diseased plants. Cal- 
culations showed that the 4th transfer would correspond to a dilution of 
about 1 : 5,000,000 of the initial virus concentration in the dodder. This is 
beyond the dilution end point of the virus. During the transfers the virus 
was retained in dodder for 4 months. 

Mechanical Inoculation of Dodder Stems with Cuciimher-Mosaic Virus. 
Additional evidence that cucumber-mosaic virus infects dodder and niulti- 

TABLE 5. — Mechanical inoculation of the dodder, Cuscuta campestris, with 
cucumber -mosaic virus 


Test plant and number of dodder stems out of the total 
inoculated that transmitted the virus 


Experiment 
. No. 

Nicotiana tabacum 

Nicotiana glutinosa 

Dodder inoculated 
j mechanically 

Control 

Dodder inoculated 
mechanically 

Control 

1 

4/8a 

0/4 

3/8 

0/4 

2 

1/8 

0/4 

0/8 

0/4 

3 

2/14 

0/8 



Total 

7/30 

0/16 

3/16 

0/8 


a The denominator indicates the number of dodder stems that were inoculated and 
the numerator the number that transmitted the virus to the test plants. 
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plies in it was obtained by mechanical inoculation of dodder stems. This 
was done by rubbing vigorous dodder stems 4r-8 inches in length, along | of 
the basal parts, with a small cotton swab dipped in the inoculum to which 
carborundum had been added. Undiluted juice or juice diluted 1 : 5 with 
0.1 M neutral phosphate buffer was used. The rubbing was not done near 
the tips of the dodder stems because it had been found that, when the tips 
were rubbed, it was difficult to obtain establishment of the dodder on host 
plants. After inoculation the stems were rinsed in water and placed on 
susceptible plants and also on immune plants. In table 5 are presented the 
results obtained when the inoculated dodder was placed on Turkish tobacco 
or on Nicotiana glutinosa. Table 6 gives the results when the inoculated 
dodder was placed on red clover plants and then tested for virus at differ- 
ent intervals of time. In a few eases the inoculated dodder stems trans- 
mitted the virus to the susceptible plants on which they were placed or virus 

TABLE 6 . — Number of dodder stems inoculated mechanically with the cucumber- 
mosaic virtis and from which the virus was recovered after they had been established on 
red clover, Trifolium pratense. Recovery by mechanical inoculation to tobacco and Nico- 
tiana glutinosa plants 


Experiment 

No. 

Extract from inoculated dodder grown on immune 
^ plants. Tested after 

1 day 

7 days 

15 days 

1 

0/10> 


4/10 

2 

0/10 

2/io i 

2/20 

3 

0/10 

0/20 

0/20 

Total 

0/30 

2/30 

6/50 


a The denominator indicates the number of inoculated dodder stems that were tested 
and the numerator the number that contained the virus as tested by mechanical inocu- 
lation. 


was recovered from them after they had been established on immune plants. 
The evidence indicates that the virus infected the dodder and multiplied in 
it. When inoculated dodder was placed on susceptible plants, it could be 
conceived that the virus mechanically introduced into the dodder might 
pass to the test plant and cause infection. However, this would not be 
possible when the dodder was placed on red clover plants that were immune 
from the virus. The clover plants were tested for virus with negative 
results. 

Local Lesions Caused by Viruliferous Dodder at the Point of Attach- 
ment, In preliminary experiments, dodder stems containing cucumber- 
mosaic virus established on Vicia faba L. plants caused the appearance of 
black elongated necrotic lesions at the point of attachment. Control plants 
on which healthy dodder had been established showed no such lesions. In 
another experiment, local lesions were observed in 9 of 10 plants on which 
viruliferous dodder stems were placed and in none of 3 controls. The local 
lesions were visible from 5 to 7 days after the dodder had been placed on the 
test plants. In a third experiment, necrosis near the point of attachment 
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began to show on the 4th day after the dodder had been placed on the plants. 
Leaves of V. faba^ when inoculated by rubbing with the cncumber-inosaic 
virus, show necrotic local lesions in about 2 or 3 days. The lesions near the 
point of attachment of the dodder may appear in 4 days. This is a very 
short time if we consider that it takes 1 or 2 days for the dodder to make 
a haustorial connection with the host plant. It also shows that infection 
occurs almost immediately after oi’ganic union between dodder and host 
plant takes place and that virus is present in the cells involved in the process 
of haustoria formation. 

Local lesions near the point of attachment also were obtained when viru- 
liferous dodder stems were placed on Vigna sinensis. The lesions were 
reddish but not very conspicuous. 

Recovery of Cuoumber-Mosaic Virns from Dodder Stems and Inhibitory 
Effect of Dodder Juice. Preliminary attempts to recover the virus from 


TABLE 7. — Inhibitory effect of dodder juice on the eucimber-mosaic virus as 
measured by the number of local lesions secured on Vigna sinensis var. Blac'k. Virus 
diluted to 1 :6. Diluent 0.1 M neutral phosphate buffer 


Experiment 

Concentration of dodder Juice and average 

number of lesions^ 

No. 

0 

3: 5 . 

2: 5 

1: 5 

1 : 25 j 

1: 125 

1 

15.5 

0 

0 

0 



2 

37.0 

0 

0 

0 



3 

15.6 




0.4 

2.1 

4 

39.8 




0.2 

3.6 


a Average number of lesions per leaf on 30 leaves. 


dodder stems grown on diseased plants showed that, although some virus was 
present, it was difficult to demonstrate this by inoculation to Tigna sinensis, 
in which the virus produces local lesions. Virus could with some difficulty 
be recovered by rubbing the dodder juice onto tobacco plants. Virus could 
also be demonstrated in dodder by placing it on host plants that would 
become infected. 

Some trials were made by mixing cucumber-mosaic virus inoculum with 
different amounts of dodder juice. In one trial the virus concentration was 
kept constant at 1 : 5 and the dodder juice was tried at 3 concentrations : 
1:5, 2:5, and 3 : 5. Each concentration of inhibitor was inoculated on 30 
leaves of Yigna sinensis, the leaves being inoculated with a control 

preparation containing no dodder juice. Carborundum was always used 
for inoculation. The results presented in table 7 show that at 1: 5 the 
dodder juice completely inhibited the infectivity of the inoculum as tested 
on y. sinensis. A second experiment gave identical results. A 3rd and 
4th experiment were then made by adding 1 cc. of dodder juice at various 
concentrations to a mixture of 1 cc. cucumber-mosaic virus extract + 3 cc. 
of 0.1 M phosphate buffer at pH 7. Two concentrations of dodder juice 
were used, 1 : 5 and 1 : 25. The final concentration of virus after mixture 
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with dodder juice was 1: 5 and of dodder juice 1:25, 1:125, and control. 
The results show that, even at 1 : 125, the dodder juice had a pronounced 
inhibitory action. The data obtained do not permit a statement as to 
whether the inhibitory action is on the virus or on the host plant. 

Symptoms Exhibited hy Dodder Infected with Cuciimher-Mosaic Virus. 
Apparently, dodder stems infected with cucumber-mosaic virus show some 
symptoms of disease. This was observed as an almost constant feature in 
the experiments, and, whereas no certainty exists as to its nature, it seems 
worthy of being reported. 


The symptoms consist of a distorted type of growth. This is illustrated 
in figure 1. The degree of distortion may vary, but it can always be per- 



Fig. 1. The distorted type of growth exhibited by dodder stems infected with cucum- 
ber-mosaic virus. Healthy dodder stems at the right. (Photograph by J. A. Garlile.) 


eeived. The distorted type of growth could, in most instances, be noticed 
after the viruliferous dodder had been transferred on a series of immune 
plants. In addition, the growth of viruliferous stems was apparently slower 
than normal. It was also found much more difficult to establish the dodder 
on a plant aflfected by cucumber mosaic than on plants affected by tobacco 
mosaic or on healthy controls. 

The distortion above described may occasionally be brought about by 
adverse conditions. There may remain some doubt, therefore, whether the 
observed symptoms are really the result of the virus. In no case, however, 
were these symptoms found associated with tobacco-mosaic virus or cran- 
berry false-blossom virus. 
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Multiplication of Cranberry Palse-Blossoni Virus in 
tbe Dodder, Cuscuta campestris 

Tlie multiplication of cranberry false-blossom virus in dodder was 
studied by successive transfers of viruliferous dodder on a series of immune 
alfalfa plants. By this means an increasing dilution of the virus present 
in dodder took place. Six transfers were made in one experiment and 5 
transfers in each of 4 other experiments. The calculations showed, that 
each transfer would correspond to at least a tenfold dilution. After each 
transfer, samples of dodder stems were placed on tomato test plants and 
pei*mitted to become established in the manner already described. Table 
8 records the results obtained. 


TABLE 8 — Transmission of cranherry false-hlossom virus 'by the dodder, Cuscuta 
campestris. Test plant, tomato. Immune plant, alfalfa 


Nature of the dodder stems used to parasitize the test plants 


Grown on diseased plants and then transferred 
Experiment From on immune plants after 



diseased 

plant 

1st 

transfer 

2nd 

transfer 

3rd 

transfer 

4th 

transfer 

5tli 

transfer 

6th 

transfer 

1 

18/23a 

27/31 

10/18 

9/19 

7/21 

0/24 

5/38 

2 

15/20 

9/14 

11/15 

19/27 

20/26 

9/23 


3 

8/10 

12/15 

4/15 

5/9 

3/11 

12/27 


4 

13/20 

11/16 

10/18 

11/29 

15/22 

3/16 


5 

15/20 

13/16 

8/16 

8/16 

9/25 

4/19 


Total 

69/93 

72/92 

43/82 

52/100 

52/105 

27/109 

5/38 

Control 

0/25 

0/25 

0/23 

0/20 

0/22 

0/25 

0/5 


a See footnote, table 2. 


As can be seen from the table, there was a decrease in the percentage 
of infected plants after the transfers, but this decrease was not marked and 
apparently was not due to dilution. Two possible explanations may account 
for this. First, it may be said that the decrease was due to environmental 
conditions. The first transfers were performed in winter when the green- 
house temperature was kept around 75° F. The last transfers, on the other 
hand, were made in summer when the greenhouse temperature sometimes 
goes very high. Kunkel (5) has already shown that cranberry false-blossom 
virus is sensitive to heat. The second explanation is that when the dodder 
stem is taken from a diseased plant, the virus titer may be higher than after 
transfer to an immune plant. This is easy to understand because, in addi- 
tion to the virus infecting the dodder, some virus might be absorbed from 
the diseased plant along with food. 

It is interesting to note that, in addition to withstanding a dilution of 
at least 10~®, the virus was retained in dodder for about 100 days. Consid- 
ering these facts, it seems reasonable to conclude that cranberry false- 
blossom virus multiplies in dodder. 


1944] 


Costa : Multiplication op Viruses in Dodder 


161 


DISCUSSION 

Tobacco-mosaic and ancuba-mosaic viruses, although highly infectious, 
are transmitted through dodder taken from diseased plants in only a small 
percentage of eases and not through dodder from diseased plants after 1 or 
2 transfers on immune plants. This constitutes evidence that these viruses 
do not multiply in dodder. The period of incubation (longer than in me- 
chanical transmission) also confirms this point and suggests that transmis- 
sion is dependent upon the movement of materials through the dodder rather 
than upon close contact of infected dodder tissue with the host plant. 

Cucumber-mosaic virus shows a different behavior in its transmission 
through dodder. The virus is easily transmitted through virulif erous 
dodder. The incubation period is relatively short, the majority of plants 
showing symptoms from 9 to 12 days after the virulif erous dodder stems are 
placed on them. Moreover, the viruliferous dodder retained the virus after 
4 successive transfers on immune hosts made during a period of 4 months, 
without an apparent decrease in virus concentration. Experiments with 
Ticia faba^ on which the viruliferous dodder causes local lesions near the 
point of attachment, showed that passage of virus from the dodder to the 
host plant occurs probably at the time of haustoria formation. This sug- 
gests that the virus becomes systemic in dodder and that the cells involved 
in haustoria formation contain it. Dodder stems could also be inoculated 
mechanically with cucumber-mosaic virus. This, too, is evidence that the 
virus is able to infect the dodder and multiply in it. The observation that 
certain symptoms of disease persisted in dodder stems that had been grown 
on diseased plants and transferred to immune plants also supports the view 
that this virus infects the dodder. Additional evidence as to the infection 
of dodder stems by cucumber-mosaic virus could perhaps be obtained by 
protection tests. Infection of dodder with cucumber-mosaic virus by aphids 
would also furnish additional evidence on multiplication. 

The cranberry f alse-blossom virus could be recovered from viruliferous 
dodder after 6 successive transfers on immune plants made during a period 
of 4 months. This corresponds to a dilution of at least 10"^ The evidence 
is highly suggestive that the virus multiplies in the dodder. The number 
of plants infected by viruliferous dodder is also relatively high. 

SUMMARY 

The ordinary tobacco-mosaic and ancuba-mosaic viruses were transmitted 
through the dodder, Cusouia cafnpestriSy in a few cases when the dodder was 
taken directly from diseased plants. The incubation period varied from 12 
to 20 days. No case of transmission was obtained after dodder from dis- 
eased plants had been transferred once or twice through alfalfa or crimson 
clover plants immune from the virus. 

Dodder juice has an inhibitory effect on ordinary tobacco-mosaic and 
aueuba-mosaic viruses as measured by the number of local lesions secured 
on Nicotiand glutinosa. Apparently the action is, in part, on the virus. 
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High percentage of transmission through dodder was obtained with 
ciieumber-inosaie virus. Viruliferous dodder stems, grown after 4 succes- 
sive transfers through red clover immune from the virus, showed no decrease 
in virus content. These 4 transfers would correspond to a dilution beyond 
the dilution end point of the virus. The incubation period varied from 9 
to 20 days, most plants showing symptoms in from 9 to 12 days. 

Local lesions near the point of attachment were obtained by placing 
dodder stems containing cucumber-mosaic virus on Vicia faba. The lesions 
appeared in 4 to 5 days. 

Dodder juice also had an inhibitory effect on cucumber-mosaic virus as 
measured on Vigna sinensis var. Black. 

Dodder stems were successfully inoculated by rubbing with cucumber- 
mosaic virus. This was shown by placing the dodder on test plants or by 
establishing it on immune plants and then recovering the virus by* inocu- 
lation. 

Dodder stems infected by cucumber-mosaic virus showed in most cases 
a distorted type of growth. The degree of distortion varied, but it could 
always be perceived. 

Cranberry false-blossom virus was retained in viruliferous dodder after 
6 successive transfers on alfalfa, which is immune from this virus. 

Prom the Department op Animal and Plant Pathology of 
The Eockepeller Institute for Medical Eesearch, 

Princeton, N. J. 
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ROOT INFECTION OF CROP PLANTS AND WEEDS BY TOBACCO 
LEAF-SPOT BACTERIA" 


W. B* Valleau, E. M. Johnson and Stephen Biachtj n 
(Accepted for publication August 23, 1943) 

Angular leaf spot and wildfire, caused by Bacterium angulaium F. and 
M. and Bad. tahacum W. and F., respectively, bave caused loss in plant 
beds and in the field in Kentucky for many years. In burley plant beds 
angular leaf spot is almost certain to develop, when tbe plants are about 
i grown, during a wet, cool period. It is rarely conspicuous in dark tobacco 
beds. During exceptionally wet springs, wildfire may break out in areas 
where it had not been observed before. For example, in the spring of 1943 
wildfire could be found in nearly half of the untreated beds in Central Ken- 
tucky in areas where it was almost unknown before. No satisfactory expla- 
nation has been given for outbreaks of either disease in plant beds until 
recently. The explanations that the bacteria are seed-borne ; that they are 
blown into beds on bits of infected tobacco trash ; or that other plants that 
have become water-soaked and infected, harbor the bacteria for months, and 
then act as a source of infection, have not been adequate to explain general 
infection of tobacco beds following a wet period. 

Another feature of the diseases that has needed explanation is that both 
diseases can be completely controlled in plant beds, as they are handled in 
Kentucky, if 2 applications of 3-4-50 Bordeaux are made to the surface of 
the soil when the plants are small. The only purpose of the second applica- 
tion appears to be to make certain that spots that may have been missed the 
first time are treated. The treatments are not designed to cover the leaves 
because, at the time of application, leaves that would later be susceptible 
have not yet developed. The purpose has been to coat thoroughly the sur- 
face of the soil with Bordeaux. 

Recently, in Science,^ we reported that both Bacterium angulatum and 
Bact. tahacum live on the roots of various crop plants and can be perpetu- 
ated in the field from one season to another by this means. The present 
paper presents evidence on this phase of the problem and its relation to out- 
breaks of the diseases in the plant bed and the field. 

carry-over IN soin 

Clinton and McCormick® demonstrated that collections of soil made in 
March and April, in a garden plot where wildfire-affected tobacco had grown 
the year before and allowed to rot in place, were capable of causing inf eetion 
on pricked tobacco leaves in the greenhouse. Later studies by others did not 

1 The investigation reported, in this paper is in connection with a project of the Ken- 
tucky Agricultural Experiment Station and is published by permission of the Director. 

2 Valleau, W. D., E. M. Johnson, and S. Diaehun. Association of tobacco leaf -spot 
bacteria with roots of crop plants. Science 96: 2485, p. 164. 1942. 

3 Clinton, George P., and Florence A. McCormick. Wildfire of tobacco in Cohnectieut. 

Conn. Agr. Exp. Stat. Bull. 239. 1922. 
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confirm these results, and the tendency was toward not accepting the possi- 
bility of overwintering in moist soil. Wolf/ in 1922, found that some beds 
in -which wildfire was present one year, if used the second year, sometimes 
developed wildfire when clean seed and new cotton were used. He believed 
this was evidence in favor of overwintering in soil. An abundance of the 
same kind of evidence in favor of general soil infestation can be obtained 
each year in areas where plant beds are placed in a new site and clean cotton 
is used. Wildfire and angular leaf spot are as likely to develop in these new 
sites as in old ones. 

Positive proof of overwintering of Bacterium angulatum in soil was pre- 
sented in abstract in 1942 by the present writers.^ Using an improved 
technique for isolation of pathogenic bacteria from the soil, which consisted in 
watersoaking a leaf^ and then pouring the soil to be tested, thoroughly 
stirred in an excess of water, over the undersurface, it was possible to show 
that the bacteria overwintered in considerable numbers in field soils in which 
crops infected with angular leaf spot were grown the previous summer. In 
these tests, extending over 2 winters, 10 or 12 soil samples, each consisting 
of slightly less than | tumbler of soil, were collected each time from a plot 
and tested on separate tobacco leaves. In 1940-41, 182 samples were col- 
lected between November 2 and April 17 on 15 different days from a plot 
on which tobacco had been heavily infected with Bacterium angulatum the 
summer of 1940 and planted with rye in the fall. Thirty-seven soil samples 
collected on 9 different occasions caused angular leaf spot. The number of 
spots ranged from 2 to 300 per leaf. Seventy-two samples collected on 6 
dates between May 8 and July 16, 1941, from the same plot all failed to give 
infection. All of this period was after the cover crop had been plowed 
under. The following winter the tests were repeated in two plots that had 
been in continuous tobacco for several years and planted with a rye cover 
crop during the winter. Angular leaf spot and wildfire were present in the 
tobacco in 1941 in the first plot and only angular leaf spot in the second. 
The results obtained were similar to those of the previous year. From the 
first plot 160 samples were collected on 16 days between August 27, 1941, 
and March 24, 1942. Of these, 56, or 35 per cent, gave angular leaf spot or 
wildfire or both. There were a total of 659 angular leaf spots and 14 wild- 
fire spots. The number of spots per leaf ranged from 3 to 250. Sixty col- 
lections made between April 13 and June 20, 1942, gave no infection. 

From the second plot 180 collections were made between August 27, 1941, 
and April 21, 1942. Of these, 51, or 28 per cent, gave angular leafspot. A 
total of about 2023 spots were produced, ranging in number between 1 and 

4 Wolf, T. A. Wildfire of tobacco. N. G. Agr. Exp. Stat. Bull. 246. 1922. 

5 Biachun, Stephen, W. D. Valleau, and E. M. Johnson. Isolation of Bacterium 
angulatum from overwintered tobacco field soil. Phytopath. 32: 2-3. 1942. 

® Water soaking is done by directing a stream of water preferably against the lower 
side of the leaf when the stomata are open. In the present study, it was done with a 10- 
or a 40-cc. injection syringe filled with water and the needle held about an inch from the 
leaf surface.^ If the stomata are open, the tissues water-soak quickly and water soaking 
disappears within about 15 minutes, leaving no sign of injury. 
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1700 on individual leaves. These tests afforded positive proof that both 
Bacterium angulatum and Bact, taibacum survive in field soil over TOiiter, 
but give no suggestion as to the means of survival in the soil. 

CARRY-OVER IN ASSOCIATION WITH PLANT ROOTS 

With the idea in mind that certain cover crops might tend to depress 
the overwintering of the organisms, 6 small plots were laid out, of which 5 
were inoculated on October 11, 1941, with cultures of Bacterium angulatum 
and one with crushed dried leaves infected with angular leaf spot. Three 
plots were seeded with crimson clover, vetch, and wheat, respectively, and 3 
left fallow. 


TABLE 1. — Number of angular leaf spots produced hy pouring upon a water-soaked 
tohacco leaf a mixture, with water, of 10 small soil samples from a plot. The plots were 
inoculated October 11, 1941, as indicated 



Plots with cover crops 





Crimson 
clover j 

Hairy 

vetch 

Winter 

wheat 

Fallow plots 


When 

tested 



Soil inoculated with 




2 pure cultures 


Mixed i 
cultures 

Infected 

dried 

tobacco 

leaves 

1941 







Oet. 22 

600 

400 

600 

400 

400 

300 

Nov. 14 

6 

19 

67 

2 

23 

0 

Bee. 6 

17 

116 

50 

1 

1 

500 

Bee. 15 

7 

15 

39 

300 

0 

0 

Bee. 23 

45 

6 

146 

2 

0 

2 

194$ 







Jan. 13 

14 

69 

5 


0 

0 

Jan. 22 

31 

69 

16 

0 

0 

0 

Eeb. 5 

66 

6 

500 ! 

1 

0 

11 

Eeb. 12 

80 

180 

180 ; 

16 

9 

0 

Feb. 19 

108 

54 

60 

3 

5 

53 

Mar. 4 

31 

18 

74 

0 

5 

0 

Mar. 17 

50 

72 

12 

0 

0 

0 

Apr. 2 

30 

14 

11 

0 

0 

0 

Apr. 20 

33 

320 

23 

0 

3 

0 

May 5 

11 

9 

4 

0 

0 

0 

May 23 

0 

0 

0 

0 

0 

0 

Totals 

1189 

1367 

1787 

725 

446 

866 


On 16 different dates between October 22, 1941, and May 23, 1942, a com- 
posite of 10 small samples was taken from each plot and tested together on 
water-soaked leaves. The results of these inoculations are given in table 1. 
On every date except the last, Bacterium angulatum was isolated in the inocu- 
lated tobacco leaves. It is evident from the table that the organism was 
isolated much more consistently from the plots with cover crops (45 times) 
than from the fallow plots (20' times) . These results suggested, during the 
winter, the possibility that the organisms were growing on the roots of the 
crop plants and perhaps also on the roots of occasional weeds that were pres- 
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TABLE 2. — Results of inoculation with washed roots of crop plants and weeds grown 
in soil inoculated with Bacterium angulatum Novemher 11, 1S4L Boots collected at inter- 
vals hetween February 19, 1942, and June 4, 1942 



Crimson 

clover 

Veteb j 

Wheat 

Henbit 

Chick- 

weed 

Oxalis 

Carda- 

mine 

Number of tests... 

9 

9 ! 

10 

6 

3 

2 

1 

Number positive... 

6 

8 

8 

6 

1 

0 

0 

Total roots tested 

45 

45 

46 

23 

7 

8 

2 

Number positive... 

18 

22 

33 

9 

2 

0 

0 

Bange of number 
of spots on in- 
oculated leaves 

1 to 56 

1 to 300 

3 to 800 

Ito 40 

4 to 14 




ont in the fallow plots. Therefore, tests to determine this point were con- 
ducted with the roots of plants growing in these plots. 

Roots to be tested were dug on 5 different days between February 19, 
1942, and June 4, 1942. The roots were washed in running water, and dirt 
particles were gently rubbed from them with a bit of paper towelling. The 
roots were then crushed in water and the water poured over the under sur- 
face of a water-soaked leaf. Usually, 5 separate root systems of each species 
were tested on each date. Heavy infection resulted from some of the roots 
of each of the crop plants in all tests except those made on June 4, when 
slight infection was obtained from vetch only. At this time the crimson 
clover and wheat plants were dried and the vetch nearly dead. A summary 
of these tests is given in table 2. The results indicate that during the winter 
and spring Bactermm angulatum is closely associated with the roots of sev- 
eral plants unrelated to tobacco. 

Collections of roots of rye were made from 2 plots on the station farm, 
in which tobacco was affected with angular leaf spot in 1941, to determine 
whether roots of a cover crop following tobacco would harbor Bacterium 
angulahm over winter. Collections were made March 11 and 23 and April 
7, taking 20 roots on each date from each plot sampled. These were carefully 
washed as before in running water, crushed, and inoculations made. 

The results of inoculations presented in table 3 give proof that Bacterium 
angulatum is maintained overwinter in close association with the roots of 
rye planted following an infected tobacco crop. 

The preceding tests dealt primarily with Bacterium angulatum. Bact. 
tahacum appears to live in association with roots in the same way, as indi- 


TABLB 3. — Inoculations from washed roots of rye collected in March and April in 
a field in which tobacco was naturally infected with angular leaf spot the previous summer 



Plotl 

Plot 2 

Number of tests 

3 

■■ '2 ' ' 

Number of tests positive 

: 3' ■ 

2 ■ 

Number of roots tested 

60 

40 

Number of roots positive 

12 

13 

Bange in number of spots 

Ito 80 

I to 51 
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cated by the results of inoculations made with washed rye roots collected 
during late winter from a field in which wildfire was present in tobacco the 
previous summer. Collections of soil and roots were made March 27, April 
15, May 5, and June 1, 1942. Bact. tabacum was isolated in tobacco leaves 
on each occasion, but less frequently as the plants became older. On March 
27, 80 roots, and 110 small soil samples, with no attention to whether they 
contained roots or not, were collected. The soil clinging to the roots was 
knocked off, making a composite soil sample from every 10 roots. The roots 
were washed as previously described, and 10 root systems crushed together. 
Inoculations were then made on water-soaked leaves with soil, soil from roots, 
and crushed roots. The results presented in table 4 show that Baet. tabacum 
can be isolated from soil samples (which may have contained roots), from 
soil shaken from roots, but was obtained in greatest abundance from the 
washed roots. It seems evident that Bact. tabacum^ as well as Bact. angu- 
latum^ can live in association with the roots of rye over winter. 

A similar test was made with barley roots collected from a field in which 
angular leaf spot was present the previous summer, and with wheat roots 
from a field in which both wildfire and angular leaf spot were present the 
previous summer. The barley roots caused extensive angular leaf spot and 
the wheat roots caused mixed infection of angular leaf spot and wildfire, on 
inoculated tobacco leaves. 


TABLE 4.- — Inoculations from soil, soil shalcen from roots and crushed rye roots col- 
lected March $7j 1942, from a field infected with wildfire in 1941 


No. of tests and wildfire spots j 

Soil 

Soil from 
roots 

Boots 

Number of tests 

11 

8 

8 

Number of tests positive for wildfire 

2 

8 

8 ' 

Total number of wildfire spots 

2 

57 

222 


CARRY-OVER THROUGH SECOND WINTER IN ABSENCE OP TOBACCO 

In the spring of 1943 soil collections containing crimson clover roots were 
made in a field that was in tobacco in 1941, wheat in 1941-42, and crimson 
clover in 1942-43. On April 7 and 8, 1943, 15 collections of 5 cores each 
were used as inoculum. Fourteen of the 15 caused angular leaf spot, with 
spots ranging from 6 to 500 on inoculated leaves. These results indicate 
that the bacteria may be found on the roots of cover-crop plants which do 
not directly follow tobacco in the rotation. 

INFECTION PROM WASHED ROOTS OP TOBACCO PROM PLANT BEDS AND FIELD 

Infection in plant beds usually does not appear until the plants are well 
established and are covering the ground. Then it develops only following a 
protracted wet, cool period. In view of the association found between the 
bacteria and cover crops during the winter, it seemed probable that the bac- 
teria in the plant bed might first multiply on the roots of tobacco plants be- 
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fore causing leaf infections. Therefore, plants were collected from 81 plant 
beds between April 28 and June 2, 1942. The roots from each bed were 
washed separately, crushed, and used as inoculum on water-soaked leaves. 
Angular leaf spot resulted from 22 collections, and wildfire from 4. Infec- 
tions per inoculated leaf ran as high as 2000. Seven of the beds from which 
root collections caused angular leaf spot appeared to be entirely free from 
leaf spots at the time the collections were made. 

During the summer of 1942 tobacco roots were collected from the field at 
intervals between June 18 and September 23. The roots were washed and 
crushed, and water-soaked leaves inoculated. Fifty-seven roots were col- 
lected from plants affected with wildfire, of which 42 produced wildfire on 
inoculated plants. Of 56 roots from plants affected with angular leaf spot, 
2 caused wildfire and 44 angular leaf spot. Thirty-eight roots from plants 
affected with both caused wildfire on 25 inoculated leaves and angular leaf 
spot on 17. Sixteen plants were collected that appeared to be free from 
infection, but were in fields where diseased plants could be found. One 
caused wildfire and 12 angular leaf spot. These tests demonstrate that both 
organisms are in close association with the roots of tobacco plants in the 
plant bed and throughout the summer in the field, until the time for sowing 
cover crops. 

PRESENCE OF BACTERIUM ANGULATUM AND BACT. TABACUM IN 
PROSPECTIVE PLANT BED SITES 

The evidence given proves that Bactermm angulahtm Sind Bact tahacum 
can maintain themselves on the roots of tobacco and several crop plants. It 
wnuld appear therefore that there is no necessary relation between tobacco 
and the perpetuation of these organisms in a field. Observational evidence 
in the past has demonstrated that Bact. angulatum is nearly always present 
in burley tobacco plant beds and Bact, tal)acum sometimes present if weather 
conditions are such as to make their presence apparent. It, therefore, 
seemed likely that the organisms could be isolated from old pastures and 
fence rows, such as are commonly used for making tobacco beds. Tobacco 
beds in Fayette and neighboring counties usually are placed in a new site 
each year, although a few farmers set aside a small lot and rotate the beds 
with bluegrass sod. 

Soil collections were made* from the sod in the vicinity of recently pre- 
pared beds and from fields that had been in pasture for years and in which 
beds had not been prepared. A soil sample consisted of 5 cores collected 
with a soil-sampling tube. The core necessarily contained roots of any 
plants growing at the point of sampling. Usually 10 such samples were col- 
lected from a field, making a total of 50 cores. The samples were brought 
to the greenhouse, stirred in water until the soil particles had separated, 
and were then poured over a water-soaked tobacco leaf. Collections were 
made on 38 farms. No infection resulted from 180 samples from 18 farms, 
but, from the other 20, angular leaf spot resulted from 16 collections of a 


1944] Valleau et al. : Tobacco Leaf-spot Bacteria on Boots 169 

total of 200 tested (Fig. 1, A), wildfire from only 2, and wildfire and angular 
leaf spot from 3. 

One field was of particular interest. The bed was located about 4 feet 
from the fence and was heavily infected with wildfire throughout its length. 
The remainder of the field had been plowed and prepared for tobacco. It 
had been, in orchard grass-Korean lespedeza pasture for the past 5 years, 
following a crop of tobacco. Soil cores were collected along the fence row 
and in the field/ and weeds and seedling lespedeza plants were collected in 
the field away from the bed and on higher ground. Of the 10 composite sam- 



Eig. 1. A. Angular leaf spot resulting from a culture made from a leaf inoculated 
with field soil containing weed roots. About i natural size. B. Wildfire resulting from 
inoculation of a tobacco leaf with a composite of 5 soil cores collected along a fence row 
near a wildfire-infested plant bed. About i natural size. 

pies of soil collected along the fence row, 9 gave wildfire spots ranging in 
number from 1 to 75 (Fig. 1, B). Two of these caused angular leaf spot 
also, and 1 sample caused only angular leaf spot. Ten composite soil 
samples, collected in the plowed field from spots with weeds, gave wildfire 
alone from 2, wildfire and angular leaf spot from 5, and angular leaf spot 
from 1. Weeds were dug from the field and fence row, roots were washed, 
and species tested separately. Angular leaf spot was obtained from roots 
of ragweed, giant ragweed, white clover, vermifuge and oxalis, and wildfire 
from roots of Korean lespedeza, shepherd ’s-purse, white clover, ragweed, 
ehickweed, and orchard grass. At the time these collectio ns were made, some 
growers were beginning already to set tobacco. 
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These results prove that Bacterium tahaeim and Baet. angulatum are 
present in the soil in pastures at the time plants become infected in the plant 
bed, and that they also are present in association with plant roots in fields 
plowed and ready to set to tobacco. 

COLONIES ON ROOTS 

From the evidence presented, it appears that the pathogenic leaf -spot 
organisms are closely associated with the roots of tobacco, other crop plants, 



Fig. 2. Wildfire on a tobacco leaf resnlting from inoculation with 4 bits of tobacco 
roots, each bearing a bacterial colony. Each bit of root was crnsbed separately in water 
and poured over the under surface of two water-soaked interveinal spaces. 

and some weeds. If tobacco roots are removed from a plant bed in an area 
where plants are injured by either wildfire or angular leaf spot, or if roots 
are taken from plants in a field affected with one or the other of these dis- 
eases and the small rootlets washed and examined with a microscope at low 
power, colonies of bacteria can be found growing on the surf ace of the root- 
lets. Some of the colonies appear soft and watery because motile bacteria 
can be seen swimming from the surface, while other colonies appear firm, 
with the surface bacteria remaining in place. To determine whether or not 
these were colonies of pathogenic bacteria, a very small bit of root bearing 
a colony was removed, crushed in water, and used as inoculum on a small 
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water-soaked area of a leaf. When the roots were from plants affected with 
angular leaf spot, root colonies produced angular leaf spot, and, when from 
plants with wildfire, this disease resulted from inoculation with root colonies. 
In all, 59 colonies were selected for test from roots of plants from a tobacco 


bed with wildfire. Fifty of the colonies caused wildfire, with an average of 
57 wildfire spots for each inoculation (range 1 to 300) (Fig. 2) . Fifty-three 
colonies from roots of plants from a bed affected with anglar leaf spot were 
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tested. Forty-six caused angular leaf spot, with an average of 46 spots per 
leaf (range 2 to 200). 

Wheat had proved to be a crop on the roots of which both species of bac- 
teria overwinter. As the seeds are readily surface-sterilized (2 hours in IJ 
per cent solution of NaClO), and germinate quickly, wheat was used in 
fuither studies of the colonies on roots. Treated wheat seeds were germi- 
nated in a damp chamber. When the roots were developed, they were 
inoculated by dipping into an aqueous suspension of Bacterium talacum or 
Bad. angulatum containing 1 to 2 million cells per ce. After inoculation, 
the plants were placed on sterile moist paper toweling in Petri dishes. In 
from 2 to 5 days, colonies could be found on the roots, usually in the region 
of the root hairs. The colonies were sometimes tenacious and persisted on 
the roots even after being mounted in water and left for more than 24 hours 
(Pig. 3, A and C). A total of 96 wheat roots were inoculated with Bad. 
tatacum. Colonies were found on 85 of them. Forty root systems bearing 
colonies were used as inoculum, and all produced typical wildfire spots on 
inoculated tobacco leaves. On 66 noninoeulated root systems examined, 
only 1 colony was found. This was obviously a contamination. Twenty non- 
inoculated root systems failed to cause wildfire when used as. inoculum. 

When individual colonies were removed on a short bit of a wheat root 
inoculated with Bacterium angulatum, or Bact. tabacum, crushed in water 
and used as inoculum on tobacco leaves, angular leaf spot or wildfire de- 
veloped, depending on the organism being tested (Pig. 3, B). These tests 
leave little doubt that the colonies observed on the wheat roots were those 
of the two pathogens. 

DISCUSSION 

In the early studies on wildfire and angular leaf spot, various hypotheses 
were advanced to explain the overwintering of the organisms and plantbed 
infection. Most of these were such as would be suggested by a superficial 
knowledge of the diseases and were not based on actual knowledge of the 
habits of the organisms. Recently, Reid and co-workers" advanced the 
hypothesis that because the common nonpathogenie Pseudomonas fluorescens, 
and the pathogenic Bacterium angulatum and Bact. tabacum show antigenic 
identity, and because P. fluorescens could be found on the leaves of common 
crop plants and in all tobacco bed soils, this organism was a potential 
danger to tobacco. They state “the authors consider that serological 
techniques measure the sum of the morphological and physiological charac- 
teristics (including pathogenicity) of the germ plasm of bacterial cells.” 
It probably would be generally admitted that serological tests could be used 
to prove the identity of certain chemical compounds in two species of organ- 
isms, but the assumption that antigenic identity proves genetic identity of 
bacterial cells is one that would be difficult to substantiate. No proof, other 

^Eeid, J. J., J. Naghski, M. A. FaireU, and D. E. Haley. Bacterial leaf snots of 
Pennsylvania tobacco. I. Occurrence and nature of the microorganism tssoeiated with 
Wildfire. Penn. Agr. Exp, Stat. Bull. 422. 1942. associated witlx 
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than serological tests, was presented by these authors to support their 
assumption of identity. 

The present writers give evidence to show that the tobacco leaf-spot phase 
of the life cycle of these two parasitic organisms is more or less accidental 
and is probably not essential to their perpetuation. They are not, therefore, 
primarily tobacco pathogens, but are organisms apparently adapted to a 
life on the surface of small rootlets of several plants, both weed and crop. 
It has been shown that the organisms are present on the roots of weeds and 
pasture plants at the time tobacco plants are developing in the bed, that they 
are present on the roots of tobacco plants in. the bed, that they may be 
isolated from the roots of tobacco plants growing in the field throughout the 
summer, and that they are present on the roots of cover crops, sowed follow- 
ing harvest, throughout the winter and until the roots die the following 
spring. 

If, during the period the plants are in either bed or field, the leaves be- 
come water-soaked, either by the internal process or from outside causes 
such as driving rain, and the pathogenic bacteria are splashed or otherwise 
carried to the water-soaked areas, the bacteria enter immediately, colonies 
develop, and leaf spots follow. In several years of inoculation work on 
young plants in the bed, on green house plants, and on plants in the field, 
we have failed to find any but physiologically very young or very old leaves, 
which could not be water-soaked (under proper light conditions), and in- 
fected by pouring a suspension of bacteria over the water-soaked surface. 
In all instances, spots typical of the organisms used (Bacterium angulatum 
or Bad, iabacum) developed in the usual time. It may be stated, therefore, 
that the presence or absence of the diseases in the plant bed, if weather con- 
ditions have been favorable, depends not on the nutrition of the plant, as 
Reid et al. claim, but on the presence or absence of the organisms on the roots 
of plants. Considering the persistence of the pathogenic organisms in the 
soil, which has been demonstrated in the present studies, it seems unnecessary 
here to assume that the pathogenic organisms are being derived, in a rela- 
tively short period of time, from the nonpathogenic Pseudomonas fluores- 
cens. If this is ever proved to occur, then the rate of change and its fre- 
quency must be studied and demonstrated before it can be concluded that 
P. fluorescens is a danger in old tobacco-growing areas. 

The present study has demonstrated that the pathogenic bacteria form 
colonies, on the roots of plants, which can be found by microscopic examina- 
tion and that, upon isolation of the bit of root, typical leaf spots can be pro- 
duced on tobacco leaves, if it is used as inoculum. The fact that the bacterial 
leaf -spot diseases of tobacco are found in every country where tobacco is 
grown suggests that these pathogenic bacteria probably are rather generally 
distributed over the world. It would not be surprising, therefore, if the 
very similar colonies photographed by Linford^ on the roots of maize and 

s Linford, M. B. Methods of observing soil flora and fauna associated with roots. 
Soil Science 63: 93-103. 1942. 
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lettuce were similar to or identical with Bacterium iabacum and Bact, angu- 
latum or were a pathogen capable of causing a leaf disease on other species of 
plants than tobacco. 

SUMMARY 

Colonies of Bacterium iaiacum and Bact. angulatum are found in nature 
on the roots of pasture and crop plants and can apparently maintain them- 
selves indefinitely in this way. Soil collections, presumably containing roots 
bearing colonies of the pathogenic organisms, frequently cause wildfire or 
angular leaf spot in the usual time after inoculations are made, thus dem- 
onstrating that the organisms are present in the pathogenic form in the soil 
and apparently persist in this form. Colonies of bacteria can be found on 
rootlets of infected tobacco plants from the bed or field, which, when used as 
inoculum, produce the disease present on the original plant. There appears 
to be no reason for assuming that outbreaks of either angular leaf spot or 
wildfire arise other than from colonies of the respective pathogenic organ- 
isms already present in the soil before outbreaks occur. 

Kentucky Agricultural Experiment Station, 

Lexington, Ky. 


THE USE OP ETHYL MERCURY PHOSPHATE FOR TREATING 
TOMATO SEED IN NEW JERSEY^ 

Edward K. Vattghan2 
(Accepted for publication August 16, 1943) 

INTRODUCTION 

For many years various seed treatments liave been used to destroy organ- 
isms carried on or -within the seed. Chemical compounds, such as copper 
sulphate, mercuric chloride, and Semesan, have been used for surface dis- 
infection of tomato seeds with a considerable degree of success (2). Hot- 
water treatment, since it is effective against internal infection, also has been 
and still is recommended by some workers (1, 3). 

Most of these treatments have one important disadvantage in that they 
do not protect the seed against recontamination after it has been treated. 
The introduction of organic mercury compounds, particularly New Im- 
proved Ceresan (5% ethyl mercury phosphate), has supplied the seedsman 
with a treatment which effectively disinfects the surface of the seed (6) and 
leaves a coating of the chemical, which to some extent protects the very young 
seedling against pre-emergence damping-off* caused by soil organisms. As a 
result of the effective surface disinfection obtained with ethyl mercury phos- 
phate it has come into rather general use. This has led to the necessity of 
working out efficient and economical methods of treatment particularly for 
those seedsmen and canners who handle large quantities of seed. The ex- 
periments here described deal chiefly with studies of such treatments. 

A large quantity of certified tomato seed is produced each year in New 
Jersey, and a considerable portion of it is treated with some disinfectant to 
control surface-borne organisms. This is done chiefly to comply with the 
regulations of various foreign countries to which the seed is shipped and to 
meet the requirements for the production of State-certified tomato plants 
grown in Georgia for shipment to the North. 

Bacterial spot {Phytomonas vesicatoria (Doidge) Bevgey et al.) is not 
common on tomatoes in New Jersey. Bacterial canker {Phytomonas micU- 
ganense (E.F.S.) Bergey et al) is found occasionally, but it, ordinarily, is 
not a factor to be reckoned with in treatment of tomato seed, since all certi- 
fied seed produced is taken from fields certified for freedom from that dis- 
ease. Septoria leaf blight {Septoria lyoopersici Speg.) occurs to some ex- 
tent in some years, but is not of major importance in most seasons. Bacterial 
wilt {Phytomonas solanaceanm (E.F.S.) Bergey et al) and anthracnose 
{Collet otrichicm phonioides (Sacc.) Chester) occur each year, but do not 

^ Cooperative investigation between tbe TJ. S. Uepartinent ot Agriculture, the agricul- 
tural experiment stations of New Jersey, Purdue University (Ind.), Georgia, tbe Georgia 
Coastal Plain Experiment Station, and the Georgia Department of Entomology. 

2 Eormerly, Agent, Division of Eruit and Vegetable Crops and Diseases, Bureaix of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, 
IT. S. Department of Agriculture. 
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appear to be seed-borne. Early blight (Alternaria solani (E. and M.) J. 
and G.) occnrs commonly every season, and, from the point of view of both 
the plant grower and seedsman, is by far the most important disease in 
tomatoes. Massie (4) and Samson (5) have reported cases of infection of 
tomato seed by A. solani, but this disease rarely is seen on the fruits in New 
Jersey, and in plating perhaps 75,000 seeds surface-sterilized by various 
means, neither Alternaria solani nor any other tomato pathogen was ever 
encountered. It, therefore, appears that under New Jersey conditions the 
elSeient surface disinfection of tomato seed generally will insure a high 
degree of protection against seed transmission of pathogenic bacteria and 
fungi. 

MATERIALS AND METHODS 

Throughout the experiments reported in this paper all tomato seed were 
treated at the rate of 1 lb. of dry seed or 1 qt. of wet seed (recovered from 
pomace left after fruit is processed for the manufacture of tomato juice) per 
gallon of treating solution. Except where temperatures are specifically 
stated, all solutions w^ere made with tap water at a temperature of approxi- 
mately 60° to 65° P. The standard 1-24,000 solution of ethyl mercury phos- 
phate was prepared by dissolving 1 g. of New Improved Ceresan in 1200 ec. 
of water. Where dusts were applied the amounts recommended by the 
manufacturer were used. After thorough shaking of seed and dust, all 
excess was screened off from the seed. 

All seeds were plated on potato-dextrose agar (1.8 per cent agar) and 
were held seven days before final counts of contaminated seeds were made. 
All of the germination data recorded are for germination in soil, since 
quantities of chemicals, too small to interfere with germination in soils, often 
cause marked retardation of germination on blotters. In each instance the 
location and type of germination medium have been recorded. 

Germination of Tomato Seed Treated with Ethyl Mercury Phosphate 
as Compared with Seed Treated with Other Standard 
Seed Treatments 

In studying seed treatment with ethyl mercury phosphate, preliminary 
tests were made to compare its effect on germination with other standard 
seed treatments. These tests included the following treatments ,• corrosive 
sublimate 1-3000 for 10 minutes, followed by a 30-minute wash in running 
water before drying ; ethyl mercury phosphate 1-24,000 for 5 minutes, then 
dried immediately ; ethyl mercury phosphate 1-24,000 for 5 minutes, dried 
immediately, then treated with either red copper oxide dust or with Vasco-4 
dust 5 ethyl mercury tartrate 1-16,000 for 5 minutes, then dried immedi- 
ately; mercurous oxide on bentonite 1-32,000 for 5 minutes, then dried 
immediately ; metallic mercury on lampblack (dust) ; and hot water (55° C. 
for 10 minutes). All seed was stirred vigorously, while submerged in the 
treating solution, to be sure that all aggregates of seeds were broken up and 
all seed surfaces brought in contact with the treating solution. These trials 
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were eoiidiicted in 1938 and 1941, and 300 to 500 seeds per treatment were 
planted. New Jersey certified seed of a strain of Marglobe tomato was used. 
Tlie seeds were planted in the greenhouse in a Sassafras sandy loam soil. 
The results from all trials showed that there was no significant difference in 
germination between any of the treatments and the untreated checks. In 
1941 samples of the seed used in the experiments were also tested to deter- 
mine the degree of surface disinfection resulting from the various treat- 
ments. With the exception of the seed treated with hot water, where 11 per 
cent of contamination occurred, all of the treated samples showed 99 to 100 
per cent of the seed free from surface contaminants. The results with ethyl 
mercury phosphate are in agreement with those of Samson (6) who reports 
that a 1-32,000 solution of 5 per cent ethyl mercury phosphate gave complete 
surface disinfection of tomato seed and did not reduce the germination below 
that obtained from seed treated with 1-3,000 solution of mercuric chloride. 

The results of all the comparative tests mentioned above have confirmed 
the preliminary data, which indicate that ethyl mercury phosphate is an 
effective surface disinfectant for tomato seed and when used in the proper 
concentrations is not likely to cause any serious reduction in germination. 

Use of Dyes for Seed Treatment 

Since certain seedsmen add' dyes to the treating solution to distinguish 
treated from untreated seed, and since many dyestuffs have fungicidal and 
germicidal properties, seeds treated with various concentrations of safranine 
A, methyl violet 2B, brilliant-green B, and chrysoidine 3K plus safranine A 
were plated on potato-dextrose agar to determine whether or not the dyes 
alone might be of value as seed disinfectants. Of these dyes only brilliant- 
green B appeared to have sufficient germicidal strength to give adequate 
disinfection ; and, in order to obtain satisfactory disinfection with it, a solu- 
tion of such great concentration was necessary that the cost was prohibitive. 

Effect of Eepeated Use of Solutions of Ethyl Mercury Phosphate 
in Seed Treatment 

Where seed is treated in large quantities there has been a question as to 
whether the solution would retain its effectiveness if used for the treatment 
of more than one lot of seed. To test this, successive lots of seed were 
I treated in the same solution and samples of the respective seed lots were then 

plated to determine the amount of surface contamination still present. The 
seed was treated for 5 minutes at the rate of 1 lb. of dry seed to 1 gal. of 
solution, and then removed and spread out to dry. The results of these tests 
(Table 1) indicate that only a single lot of seed should be treated and the 
solution should then be discarded. 

Effect of Concentration of the Treating Solution on Disinfection 
and Germination of Seed 

Three series of tests were conducted to determine the coneentration of 
ethyl mercury phosphate solution necessary for adequate surface disinfec- 
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TABLE 1. — Mesults of treating successive lots of tomato seed in the same solution 
of ethyl mercury phosphate, l-2i,000 



Per cent of seed free from contamination 

toeeci iot 

First testa 

Second testb 

1st 

97.5 

100 

2nd 

91.0 

97 

3rd 

71.1 

91 

4th 


47 


a TreatBients made by a commercial seedsman, 
b Treatments made in the laboratory at 60° F. 


tion with a miiiimiini reduction in germination. From the results of the first 
test (Table 2) it was evident that concentrations greater than 1—20,000 
would seriously interfere with germination of the seed. When the greater 


TABLE 2. — Germination of seed treated for 10 minutes with various concentrations 
of ethyl mercury phosphate at the rate of one pound of dry seed to one gallon of solution. 
Seed planted in flats of sassafras sandy loam in the greenhouse 


Concentration 

Germination 

Number days until rows of 
plants were clearly visible 

1st plantings 

Per cent 


1-12,000 

61 

17 

1-16,000 

62 

15 

1-20,000 

82 

13 

1-24,000 

84 

13 

Untreated check 

74 

12 

Snd planting^ 

1-12,000 

63 

15 

1-16,000 

68 

13 

1-20,000 

87 

11 

1-24,000 

91 

10 

Untreated check 

88 

9 


a April 1941. 
b Jnne 1941. 


concentrations were applied the percentage of germination was reduced by 
as much as 20 to 25 per cent as compared with nontreated seed, and germina- 
tion was delayed from 3 to 6 days. 

TABLE 3.^ — Besults of treating tomato seed for 10 minutes with various concentra- 
tions of ethyl mercury phosphate at the rate of one pound of dry seed to each gallon of 
solution 



Per cent free from contamination 


1st series 

2nd series 

1-16,000 


100 

1-20,000 

100 


1-24,000 

100 

100 

1-28,000 

99 


1-32,000 

99 

100 

1-40,000 


100 

1-48,000 


98 

Untreated cheek 

0 

0 
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The second and third tests (Table 3) showed that it was not necessary 
to have solutions of concentrations greater than 1-24,000 in order to secure 
complete surface sterilization. Since a 1-24,000 solution gave adequate sur- 
face sterilization wdthout interfering with germination other than to delay 
it by approximately one day, this concentration was used in all subsequent 
experiments. 

Length of Exposure to Treatment 

Although a 5-minute treatment in the laboratory gave perfect control 
of surface contamination, in each lot of commercially treated seed a small 
percentage was contaminated. It seems probable that this is because the 
centrifugal '^wringers” used in commercial seed treating throw off the solu- 
tion before sufficient mercury has been adsorbed. Two methods of over- 
coming this difficulty have been found to be entirely satisfactory. Either 
the exposure can be increased to 10 minutes or the sacks of seed can be left 
to drain for 20 to 30 minutes before they are placed in the ^ ‘ wringers. ^ ^ 
When a 1-24,000 solution is used, neither of these practices causes injury 
to the seed. 

Temperature of the Treating Solution 

In treating commercial seed in New Jersey, tap water or water drawn 
from streams is used to make up the solutions and the temperature varies 
according to the weather at the time of treating. To determine the influence 
of the temperature of the treating solution on the effectiveness of the treat- 
ment, seeds were treated in 1-24,000 ethyl mercury phosphate at tempera- 
tures of 43°, 60°, and 80° P. for 5 minutes and 10 minutes, both with and 
without a draining period before they were placed in the centrifuge. The 
results of 3 experiments (Table 4) indicated that the temperature of the 
solution is not of primary importance, since the seeds treated in the solution 
at 43° P. 'were as free from surface contamination as those treated in the 
solution at 80° P. and the germination of the seed treated at the higher 
temperatures was not significantly lower than that of seed treated at 43° F. 

TREATMENT OP FRESHLY EXTRACTED VS, DRIED SEED 

During wet weather the cost of drying large quantities of seed is very 
great, and some seedsmen would like to eliminate, if possible, one drying 
operation. Therefore, experiments were conducted to determine the com- 
parative effectiveness of the treatment of freshly extracted, moist seed, and 
of seed that had been dried before treatment. In 1938 tomato seed was 
extracted by fermenting for 36 hours and then washing in water. The seed 
was divided into 2 lots, one treated immediately, the other dried for 7 days 
before treating. As shown in table 5, treating immediately after extraction 
did not reduce the germination of the seed to any appreciable extent, 
although treating with ethyl mercury phosphate has been shown to retard 
germination one or two days. Platings showed that all of the lots of treated 
seed were free from surface contamination. 
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TABLE 4. — Influence of temperature of the treating solution upon the effectiveness 
of seed treatment with 1-24,000 ethyl mercury phosphate 


Length of 
exposure to 
treating 
solution 

Drained 30 
minutes 
before 
centrifuging 

Temperature 
of treating 
solution 

Free 

from 

contamina- 

tiona 

Germination 
after 14 
days^ 



Eegrees E. 

Per cent 

Per cenit 

1st Experiment 





5 min 

No 

43 

100 

85 

5 

£ £ 

60 

100 

84 

5 '' 

£ £ 

80 

100 

81 

5 

Yes 

43 

100 

82 

5 ' ^ 

< i 

60 

100 

87 

5 

i i 

80 

100 

85 

10 ‘ ‘ 

No 

43 

100 

80 

10 ' ' 

£ £ 

60 

100 

84 

10 ' ‘ 

£ £ 

80 

100 

81 

10 “ 

Yes 

43 

100 

77 

10 “ 

£ £ 

60 

99 

85 

10 ' ' 

£ £ 

80 

100 

87 

Untreated check 



0 

79 

2nd Experiment 





5 min 

No 

45 

100 

84 

5 

£ £ 

60 

100 

82 

5 

( £ 

80 

100 

82 

10 

£ £ 

45 

98 

80 

10 

££ 

60 

100 

85 

10 ' ^ 

£ £ 

80 

99 

79 

Untreated check 



0 

70 

Srd Experiment 





5 min 

No 

50 

100 

84 

5 ' ' 

£ £ 

70 

99+ 

83 

5 

Yes 

50 

99+ 

81 

5 ' ' 

£ £ 

70 

100 

85 

10 ^ ^ 

No 

50 

100 

84 

10 ' ' 

£ £ 

70 

100 

84 

Untreated cheek 



0 

81 


a 300 seeds from each lot plated. 

b 500 seeds from each lot planted in flats of soil in the greenhouse. 


TABLE 5. — Treatment of tomato seed with ethyl mercury phosphate, with ethyl 
mercury tartrate, or with EgClz immediately after extraction, and after thorough drying 


Time of treatment 

1 

Treatment 

Germi- 
nation 
after 14 
daysa 

Free 

from 

contami- 

nationb 



Per cent 

Per cent 

First experiment 




Immediately after extraction 

Ethyl mercury phosphate 1-24,000 

91.1 

100 

££ ££ ££ 

HgOB 1-3,000 

92.1 

100 

After drying 

Ethyl mercury phosphate 1-24,000 

92.5 

100 

£ £ £ £ 

HgCB 1-3,000 

93.0 

100 

Check 

None 

91.3 

5 

Second experiment 




Immediately after extraction 

Ethyl mercury phosphate 1-24,000 

98.1 

100 

££ ££ ££ 

Ethyl mercury tartrate 1-15,000 

97.1 

100 

£ £ £( ££ 

HgCls 1-2,500 

96.8 

99 

Check 

None 

96.4 

11 


a 750 seeds from each lot planted in flats of soil in the greenhouse. 
250 seeds from each lot plated. 
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A second lot of seed, also extracted by fermentation, was treated immedi- 
ately after extraction. Platings showed that all lots of the treated seed were 
free from surface contamination. Table 5 shows that treatment immedi- 
ately after extraction did not reduce the percentage of germination of the 
seed. In this experiment ethyl mercury tartrate w-as tested for comparison 
with ethyl mercury phosphate and gave perfect control of surface contami- 
nation without interfering with germination of the seed. However, since it 
did not appear to have any advantage over the conimercially-available ethyl 
mercury phosphate it was not tested further. 


Effect on Germination of Type of Container Used for Storing Seed 
Treated with Ethyl Mercury Phosphate 

A third lot of seed, extracted by fermentation, was treated with a 
1-24,000 solution of ethyl mercury phosphate or with a 1-3,000 solution of 
HgCh, part immediately after extraction and part after being thoroughly 
dried and stored for twu weeks. Each lot was then divided into 3 parts, 
one of wdiich wus stored in ordinary paper bags, one in tight cardboard con- 
tainers, and one in sealed jars. Plantings of 500 seeds each, made at inter- 
vals over a period of 2 years showed (Table 6) that the treatments, whether 
made immediately after extraction or after drying, do not seriously affect 
the germination of the seed. It also appears that seed treated in either the 
freshly extracted or the dried state can be stored in air-tight containers for 
periods up to 2 years without seriously affecting its germination. After 
2 years the germination of all seed lots was considerably lower than at the 
beginning of the experiment. This reduction in germination was much more 
marked in the seed stored in paper bags than in either of the other types of 
containers. The laboratory in which the seeds were stored was perhaps 
w’-armer and more humid than most seed storage rooms, and it is probable 
that the reduction in germination was greater than w-ould occur in com- 
mercial seed storage. 

Since the above tests with freshly extracted seed were all made in the 
laboratory and involved only small lots of seed, it seemed advisable to repeat 
part of the experiment using larger amounts of seed and making the treat- 
ments under conditions comparable with treatments made by commercial 
seedsmen. A quantity of pomace was, therefore, obtained, a part of which 
was extracted immediately and a part put aside to ferment for 24 hours 
before being washed out. Bach of these lots was again divided into 2 parts, 
one for treating immediately and the other for treatment after having been 
thoroughly dried. Two identical experiments were conducted on this phase 
of the problem. 

Since the treatments were made at a cannery where highly sensitive 
scales were not available, concentrations slightly different from those ordi- 
narily recommended had to be used (ethyl mercury phosphate at the rate of 
1-20^480 instead of 1-24,000, and HgCh at the rate of 1-3,072 instead of the 
usual 1-3,000). 
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The data in table 7 show that, with the exception of 2 or 3 unexplainable 
instances in one experiment neither of these chemicals seriously interfered 
with the germination of the seed, regardless of whether they were applied 
immediately after extraction or after the seed had been thoroughly dried. 
This was also true with regard to the method of extraction, since no ap- 
preciable differences w^ere observed in the germination of the seed extracted 
by the two methods. 


TABLE 6 . — Germination of tomato seed treated immediately after extraction and 
after thorough drying, when stored in various types of containers 


Type of 
container 

Time of 
treatment 

Treatment 

Germination after 
storage for 


2 weeks 

1 year 

2 years 

Paper 

bags 

Immediately 
after extraction 

Ethyl mercury phosphate 
1-24,000 for 5 minutes 

Per cent 

89.3 

Per cent 

86.3 

Per cent 

43.4 

Paper 

bags 

Immediately 
after extraction 

HgClo 1-3,000 
for 5 minutes 

84.0 

86.3 

50.0 

Paper 

bags 

After drying 

Ethyl mercury phosphate 
1-24,000 for 5 minutes 

86.2 

83.0 

53.4 

Paper 

bags 

After drying 

HgCL 1-3,000 
for 5 minutes 

88.3 

87.7 

42.6 

Paper 






bags 

Check 

None 

83.7 

98.7 

30.2 

Cardboard 

cartons 

Immediately 
after extraction 

Ethyl mercury phosphate 
1-24,000 for 5 minutes 

87.1 

87.0 

70.8 

Cardboard 

cartons 

Immediately 
after extraction 

HgCL 1-3,000 
for 5 minutes 

86.3 

86.7 

72.0 

Cardboard 

cartons 

After drying 

Ethyl mercury phosphate 
1-24,000 for 5 minutes 

87.6 

88.0 

82.4 

Cardboard 

cartons 

After drying 

HgCL 1-3,000 
for 5 minutes 

88.8 

89.3 

70.0 

Cardboard 






cartons 

Cheek 

None 

86.1 

90.0 

55.8 

Sealed 

jars 

Immediately 
after extraction 

Ethyl mercury phosphate 
1-24,000 for 5 minutes 

87.6 

84.7 

77.2 

Sealed 

jars 

Immediately 
after extraction 

HgCL 1-3,000 
for 5 minutes 

87.2 

86.7 

42.2 

Sealed 

jars 

After drying 

Ethyl mercury phosphate 
1-24,000 for 5 minutes 

91.2 

83.0 

50.8 

Sealed 

jars 

After drying 

HgCL 1-3,000 
for 5 minutes 

88.1 

82.0 

73.6 

Sealed 






jars 

Check 

None 

98.9 

84.7 

61.2 


In 1941, numerous platings also were made of seed treated for 10 minutes 
in a 1-24,000 solution of ethyl mercury phosphate by a commercial seeds- 
man. Part of the seed was treated at the time of extraction and part several 
■weeks later. All lots tested were free from surface contamination. 

These experiments indicate that treatment of tomato seed with either 
1-3,000 HgCh or 1-24,000 ethyl mercury phosphate can be carried on either 
at the time of extraction or at a later date, regardless of the method of 
extraction, with equally successful control of surface contamination and 
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with equal assurance that the treatment will not seriously interfere with the 
germination of the seed. 


TABLE 7. — Germination of tomato seed under conditions comparable with treat- 
ment by commercial seedsmen'-^ 




Germination 


Method of extraction 

First experiment 

Second experiment 

and treatment apx)lied 

Green- 

house, 

18 days 

Field, 

19 days 

Green- 

house, 

18 days 

Field, 

19 days 

Not fermented 

Treated immediately ; ethyl mercury 

Per cent 

Percent 

Percent 

Percent 

phosphate 1-20,480 for 5 minutes 
Treated immediately; Hg0l2 1-3,072 

68.6 

49.6 

99.2 

64.0 

for 5 minutes 

Dried, treated later; ethyl mercury 

86.0 

55.0 

93.4 

71.3 

phosiDhate 1-20,480 for 5 minutes 
Dried, treated later; HgCla 1-3,072 

90.2 

62.8 

92.0 

82.0 

for 5 minutes 

85.4 

58.8 

94.8 

64.4 

Check — not treated 

Extracted by fermentation 

Treated immediately ; ethyl mercury 

85.8 

65.6 

80.2 

55.3 

phosphate 1-20,480 for 5 minutes 
Treated immediately; HgCl 2 1-3,072 

74.2 

68.8 

87.2 

78.6 

for 5 minutes 

Dried, treated later; ethyl mercury 

88.4 

58.0 

90.8 

76.8 

phosphate 1-20,480 for 5 minutes 
Dried, treated later; Hg0l2 1-3,072 

89.4 

60.6 

85.4 

77.0 

for 5 minutes 

90.0 

45.2 

92.4 

69.8 

Check — ^not treated 

86.2 

64.4 

79.0 

12A 

Standard error 

9.129+ 

18.280± 

8.811+ 

12.229± 


a All treated lots were free from surface contamination. 


SUMMART 

Ethyl mercury phosphate has proved as effective as mercuric chloride as 
a means of surface disinfection for tomato seed and it possesses the added 
advantage that a residue of the organic mercury compound may be left 
safely on the seed coat. This tends to prevent recontamination of the seed 
and affords a certain degree of protection against seedling damping-off. 

Concentrations of ethyl mercury phosphate greater than 1-20,000 cause 
a reduction in the percentage of germination as well as a slowing up of the 
rate of germination. Since this concentration controls surface contamina- 
tion as w^ell as stronger concentrations without seriously interfering with the 
germination of the seed, it can be recommended for general use. 

Solutions of ethyl mercury phosphate become less effective with repeated 
use and should be discarded after one treatment. 

A 5-minute treatment has given perfect results in laboratory tests but 
when commercially treated seed is centrifuged immediately after treatment 
a period of 10 minutes wall allow greater adsorption of the mercury com- 
pound and give more perfect surface disinfection. If the sacks of seed are 
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allowed to drain for 20 to 30 minutes before centrifuging, a 5-minute treat- 
ment will probably be effective. 

The treating solution is equally effective at temperatures from 43° to 
80° P. Tap water or water drawn from streams during the growing season 
is satisfactory for making up the solution. 

Tomato seed can be treated in solutions of the above strength either at the 
time of extraction or after having been thoroughly dried, and may be stored 
from one season to the next in any type of container that is satisfactory for 
nontreated seed. 

Department of Biology, Virginia Polytechnic Institute, 

Blacksburg, Va. 


LITERATURE CITED 

1. Ghupp, Charles. Tomato seed treatment. Nassau County Farm and Home Bureau 

News. January, 1941. 

2. Horsfall, J. F. Combatting damping off of tomatoes by seed treatment. New York 

Agr. Exp. Stat. Bull. 586 : 4-22. 1930. 

3. Kirby, It. S. Control of diseases attacking vegetable crops. Ann. Kept. Veg. Grow. 

Assn. Amer. Inc. 173-187. 1940. 

4. Massie, I. On the presence of liibernating mycelium of Macrosporimn solani in tomato 

seed. Royal Bot. Gard. Kew. Bull. Misc. Inf. 41: 1-3. 1914. 

5. Samson, R. W. Seed transmission of early blight of tomato. Rept. of Director, 1938. 

Indiana Agr. Exp. Stat. pp. 39-40. 

0 , ^ and T. J. Nugent. Disease free tomato seed. Rept. of Director, 1937. 

Indiana Agr. Exp. Stat. pp. 36. 

7, ^ and L. C. Shenberger. Tomato seed treatment. Rept. of Director, 

1939. Indiana Agr. Exp. Stat. pp. 40-41. 



efficacy of fungicidal transplanting liquids for 

CONTROL OF CLUBROOT OP CABBAGE^ 


J. 0. Walker, 2 Mark A. 8tahmann,3 Dean E. Prtor* 
(Accepted for publication September 18, 1943) 


The elubroot organism {Plasmodiophora Irassicae Wor.) is particularly 
difficult to control in acid soils. Although raising the pH of the soil solu- 
tion to neutral or slightly alkaline by application of lime is sometimes 
effective, it is not always possible to maintain the reaction at such points 
with sufficient constancy to prevent infection (10, 24). Moreover, on acid 
muck the buffer action of the soil is sometimes such as to preclude any 
successful control by this method (27). 

A number of workers have tried to control the disease in seed beds by 
applying fungicides broadcast along the row, but results have not been 
consistently successful (1, 2, 3, 4, 6, 7, 8, 9, 26), and such methods are, of 
course, applicable only to plant culture in cold frames or greenhouses. In 
1927 Preston (13) offered a new approach when he reported reduction of the 
severity of the disease by adding mercuric chloride to the transplanting 
liquid in the dibble hole when plants of cabbage (Brassica oleracea var. 
oapitata L.) were set in infested soil in the field. This method had been 
tried with some success by Halsted (3) and by Kindshoven (8), but neither 
of these investigators seems to have found it worthy of general recommenda- 
tion. Preston (14, 15, 16, 17, 18) presented further results with other com- 
pounds, but mercuric chloride was in each case the most effective. Smieton 
(21) tried with some success pentachloronitrobenzene and triehloronitroben- 
zene mixed with soil in seed-boxes and in the dibble hole, but mercuric 
chloride was the most effective treatment with out-of-door plants. In 
Russia, Roehlin (19) reported that volatile mustard oil was toxic to the club- 
root organism and that a crude extract of leaves and stems of black mustard 
{BfOiSsictt nigTCh L.) when added to the soil around young plants reduced the 
amount of infection that occurred. Preston (17) did not secure any bene- 
ficial results by watering mustard plants growing in infected soil with 0.05 
and 0.0125 per cent allyl isothiocyanate, the sulphur oil most prevalent in 
mustard leaves. Immersing cabbage seedlings for 3 to 46 hours in the same 
solutions before setting on infested soil also failed to reduce clubroot infec- 
tion. He also tried the incorporation into the soil in the dibble hole of 3 com- 
pounds; (1) calomel (HgCl) ; (2) an amalgam in the form of a fine powder 


1 Cooperative investigations between Departments of Plant Pathology and of Bio- 

chemistry. University of Wisconsin, and the Division of Pruit and Vegetable Crops Md 
Diseases, Bureau of Plant Industry, Soils and Agrieulturid Engineering, Apwnltural Re- 
search Administration, United States Department of Agriculture. Supported m pait by 
a grant from the Wisconsin Alumni Research Eoundation. ... „ tj,., 

2 Professor of Plant Pathology, Univ. of Wisconsin, and Agent, Division of Emit and 
Vegetable Crops and Diseases, Bureau of Plant Industry, Sods, and Agricultural Engi- 
neering, Agricultural Research Administration, United States Department of Agncultuie. 

3 Eormerly Research Assistant in Biochemistry, Umversity of Wisconsin. _ 

4 Eormerly Research Assistant in Plant Pathology, University of Wisconsin. 
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containing 12 per cent metallic iiiercnry and 6 per cent zinc and 82 per cent 
calcium carbonate; (3) a powder form of ehloronitrobenzeiie known iincler 
the proprietary name of brassican. All of these reduced infection substanti- 
ally, but none was superior to mercuric chloride in effectiveness. Incline blue, 
auramine, malachite green, and magnesium sulphate used as dusts in the 
soil of the dibble hole were of no value. The use of mercuric chloride in 
the transplanting water, with marked success, has been reported by others 
in England (11, 20, 22, 23). 

The writers conducted the present study in 1938 to 1941. The purpose 
was to test the efficacy of mercuric chloride and mustard oil as fungicides in 
the transplanting liquid on mineral and muck soils and to explore the 
possibility of other compounds that might be used. The work was carried 
on in the greenhouse at Madison, Wisconsin, and in the field in commercial 
cabbage areas in Eacine and Kenosha Counties, Wisconsin. A preliminary 
report has already been published (25). Experiments in New York have 
been reported by Palmer (12). 

' METHODS AND MATERIALS 

Two types of soil — mineral and muck — were used, since cabbage culture 
is common to both. A field of Clyde silt loam in Kenosha County, known 
to be severely infested, was used as representing the first type, while most 
of the trials on muck were made in a tract near Wind Lake, Eacine County. 

In the early experiments, which included numerous chemicals and dos- 
ages, single-row plots of 20 to 30 plants each were employed. The usual 
transplanting hole was made, the specified amount of liquid applied, and a 
plant from a healthy seed bed set and covered. After the normal time for 
recovery and renewed growth, note of injury to the plant was taken from 
the appearance of the aboveground portion of the plant. Four grades of 
plant injury were arbitrarily established extending from 0 for no injury to 
3 for severe injury. At harvest all plants in the plot were pulled, and each 
placed in one of 5 classes of disease based on the extent of severity, from 
no infection to very severe clubbing. On the basis of such grades, wffiich 
were given equal weight, a disease index for each plot was calculated. The 
index might vary from 0 for all clean plants to 100 for alt severely clubbed 
plants. Heads were sometimes removed and weighed for the determination 
of yield. 

When large trials on a commercial scale were conducted, the results 
usually were secured by pulling plants at random in each treatment and 
determining the disease index. When yields were estimated, blocks of 25 
heads were cut at intervals and weights secured. 

Chemicals used were all secured from reliable manufacturers. 

Preliminary tests with many of the chemicals were made in the green- 
house in order to determine the relative range of toxicity to the host and 
to the pathogen. Infested muck soil from the Wind Lake area was used 
in 6-inch clay pots. Six to 10 cabbage plants in the third- to fourth-leaf 
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stage were used as test plants in each pot. Five ml. of a solution or uniform 
suspension of the chemical were placed in the small hole made for each 
plant. Whereas data secured from these tests could not be applied directly 
to field performance, they did give opportunity to test in a preliminary way 
the relative value of an unknown in comparison with a substance on which 
a field reading had been made. 

EXPERIMENTAL RESULTS 

Comparison of Allyl Isothiocyanate and Mercuric Chloride 
In 1938 allyl isothioeyanate and mercuric chloride were compared in 
field trials on naturally infested Clyde silt loam soil in Kenosha County, Wis- 
consin. Cabbage plants were set on June 18 with 425 ml. of liquid per plant 
in single-row plots of 20 plants with 14 replicates of each treatment. Pinal 
results, taken on September 29, are presented in table 1. It will be seen 


TABLE 1. — Compariso 7 i of cliihroot development on callage when transplanted with 
liguid containing allyl isothioeyanate, in various amounts, or mercuric chloride, (Aver- 
age of 14 replicates per treatment) 




Disease 

Plants 

Average 

Yield 

Agent 

tration 

develop- 

ment 

headed 

wt. per 
head 

per acre 


p.p.m. 

Index 

Fer cent 

LT>. 

Tons 

None 

100.0 

0.0 

0.0 

0.0 

Allyl isothioeyanate 

50 

125 

97.9 

92.9 

, 7.0 

9.8 

3.2 

2.3 

0.76 

0.80 


250 

93.4 

5.6 

1.8 

0.35 


500 

91.4 

17.3 

2.1 

1.35 


1000 

87.3 

17.4 

2.3 

1.45 

Mercnrie chloride 

667 

27.2 

74.4 

4.2 

12.35 


that mercuric chloride at 667 p.p.m. (1-1500) was very effective in reducing 
disease development. A large percentage of the plants produced good- 
sized heads, and a yield of 12.35 tons per acre was harvested. Although in 
greenhouse trials, reported elsewhere (5), concentrations from 10 to 350 
p.p.m. of allyl isothiacyanate in inoculum of spore suspensions prevented 
infection, very little effective control w^as secured in the field when concen- 
trations up to 1,000 p.p.m. were used in the transplanting water. More- 
over, at the highest concentrations there was considerable injury to the 
plants. 

The appearance of a typical plot treated with mercuric chloride is shown 
in figure 1. When the plants were pulled and examined, it was found that 
the chief benefit of the treatment was in the protection of the young rootlets 
that w^ere produced in abundance from the perieycle of the tap root when 
the plant was set into moist soil. Ordinarily, the high soil moisture thus pro- 
vided favored not only root development by the host but spore germination 
by the pathogen. Thus, heavy club formation occurred immediately around 
the tap root of the control plant and the feeding capacity of the root system 
was rapidly impaired. When an effective fungicide was provided in the 
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transplanting liquid, infection of the plant at this vital locus v^as largely 
jprevented. Although clubs formed later at various points on the root 
system, the detrimental effect on plant growth was much less pronounced. 
In figure 2 are shown a plant from an untreated row and one from a mer- 
curic chloride-treated row, collected at the time of harvest. Many of the 
numerous clubs on the former had decayed, and the functional feeding roots 
were few. In the latter a functional root system still remained regardless 
of clubs formed at various scattered points. 


Pig. 1. Effect of use of mercuric chloride on control of clubroot in heavily infested 
soil. A. Plants, at the end of the season, which had been transplanted with water (425 
ml. per plant). B. Plants transplanted with mercuric chloride (1-1500 solution, 425 ml. 
per plant). 

Exploratory Trials With Various Fungicides 

In 1939 trials were made with a considerable number of other fungicides 
added to the transplanting liquid. Most of these were tested in the green- 
house during the winter of 1938-1939, Since the volume of 425 ml. per 
plant used in the 1938 trials was much higher than that practicable in com- 
mercial culture, the dosage was reduced to 125 ml., which was close to the 
average rate in general use. Various concentrations were used, the range 
being designed to include at the upper limit a point at which host injury 
was marked or the cost prohibitive. The trials were made with 26-plant 
plots on heavily infested muck soil with a pH of 5.7 to 6.1. One plot per 
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treatment Avas employed and nontreated rows were inelnded at frequent in- 
tervals. The uniformity of infestation is shoAvn by the disease indices of 
the nontreated plots given in table 2. The inorganic and organic salts of 
mercury used, the concentrations used, the degree of plant injury, and the 
disease indices are given in table 2. Eesults with other organic and in- 
organic salts are given in table 3. It will be seen that HgClg, HgCl, HgO, 
and mercury pentaehlorophenolate Avere superior to other mercury salts. 


Fig. 2. Ooinparison of tlie root systems of untreated and mercuric chloride-treated 
plants at tlie end of the season. A. Surviving plant from an untreated row (see figure 1, 
A) with a few decayed clubs remaining and no functional feeding roots. B. Plant from 
a treated row. Note that no clubs developed close to the tap root and a well-functioning 
root system with scattered clubs was formed. 

and that little promise Avas afforded by any of the other materials used. 
The lack of control with chlorobenzenes was in contrast to more favorable 
results reported in England for these compounds by Smieton (21). HgCh 
held an advantage over HgCl and HgO because of its solubility in water, 
Avhile the other two, being low in solubility, had to be kept in suspension 
by an agitator during application. When HCl was used to facilitate dis- 
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solving IIgCl 2 , control was about the same, but the acidified solutions pro- 
duced noticeably greater plant injury. 

Eelation of Volume and Concentration to Control 

In another experiment in 1939 on the same tract of muck mentioned in 
the foregoing, a series of tests was made in which the amount of chemical 


TABLE 2,— Comparative value of compounds of mercury in reducing severity of 
cluhroot of cahhage when used in the transplanting liquid applied at 125 ml, per plant 


Compound 

Grams 

per 

liter 

Plant 

injury 

Disease 

index 

HgCl, 

10.30 

3 

25.00 

5.17 

3 

17.31 


3.48 

2 

15.28 


3.10 

2 

23.86 


2.90 

1 

29.55 


1.74 

1 

29.29 


1.50 

1 

22.22 


0.87 

1 

31.59 


0.35 

0 

41.62 


0.14 

0 

54.17 

HgCL:HCl 

1.74: 8.8 

2 

16.67 

1.74: 4.4 

3 

25.00 


1.74: 2.4 

2 

22.22 


1.74: 1.2 

1 

26.14 


0.87: 4.4 

1 

43.06 


0.87: 2.4 

0 

27.38 


0.87: 1.2 

1 

30.97 


0.35: 2.4 

1 

41.67 


0.35: 1.2 

1 

38.09 

HgCl 

3.08 

0 

25.00 

1.54 

0 

23.91 


0.77 

0 

27.05 


0.38 

0 

35.79 


0.19 

0 

45.19 


0.10 

0 

55.21 

HgO 

1.30 

0 

27.11 

0.65 

0 

38.07 


0.32 

0 

29.35 


0.16 

0 

50.00 

HgS 

1.24 

0 

94.23 

0.62 

0 

96.64 


0.31 

0 

89.42 


0.16 

0 

95.19 


Compound 

Grams 

per 

liter 

Plant 

injury 

Disease 

index 

2% ethyl mer- 

7.60 

2 

89.42 

cury chloride 

3.80 

0 

64.71 

(2% Ceresan) 

1.52 

0 

77.40 


0.60 

0 

72.92 

10% hydroxy- 

1.64 

0 

63.54 

mercurinitro- 

0.82 

0 

78.80 

phenol and 

0.41 

0 

80.88 

2% hydroxy- 




mercurichloro- 




phenol (Seme- 




sail Bel) 




Hg. 2, 4, 5-tri- 

0.60 

0 

35.00 

chloropheno- 

0.30 

0 

46.90 

late 

0.15 

0 

80.77 


0.08 

0 

89.42 


0.04 

0 

84.26 

Hg penta-a 

1.60 

1 

35.00 

chloroplieno- 

0.80 

1 

36.07 

late 

0.40 

0 

39.00 

Hg ortho -a 

2.00 

0 

23.91 

phenylphenol 

1.00 

0 

43.79 


0.50 

0 

84.62 


0.25 

0 

82.69 


0.12 

0 

94.23 

None 


0 

91.67 



0 

94.23 



0 

93.27 



0 

98.08 



0 

94.23 



0 

90.38 



0 

87.50 



0 

92.31 



0 

88.46 



0 

94.23 



0 

97.12 


a Crude product obtained by fusing a mixture containing equivalent quantities of the 
phenol concerned and mercurous oxide. These mercury phenolates were not available 
from commercial sources. 


and the volume of liquid per plant were varied with each of 3 materials— 
mercuric chloride, ethyl mercury chloride, and 2, 4, 5-trichlorophenol. 
Three replicate blocks were set up in each of which the treatments were ar- 
ranged at random. The results are given in table 4. It will be seen that, 
in confirmation of the single-plot trials reported in tables 2 and 3, mer- 
curic chloride was significantly superior to the other 2 chemicals. There 


Ca(OH)o 
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was no consistent, significant difference between the 3 volnmes of liquid 
per plant w^hen the amount of chemical remained constant. As the amount 
of mercuric chloride per plant increased, the disease index at each volume 
decreased. At 63 ml. per plant there was a significant decrease in index 
with each increase in total chemical applied. The differences were not sig- 
nificant at 125 ml. and 250 ml. per plant. The results indicated that the 

TABLE 3 . — Comparative value of a nmnber of non-mercury compounds in reducing 
severity of clu'broot of calhage when used in the transplanting liquid applied at 126 ml. 
per plant 


Compoimd 


100.0 

50.00 

25.00 
128.00 

64.00 

32.00 
17.4 

8.7 
4.3 

11.3 
5.6 

2.8 

36.4 
18.2 

9.1 

85.6 
42.8 

21.4 

10.7 
1.28 
0.64 
0.32 
0.13 
0.05 
2.56 
1.28 
0.64 
0.32 
0.16 
0.08 
0.40 
0.20 
0.10 
0.05 


AUBO,), 


2, 4, 5-trichloro- 
phenol (Dowi- 
eide 2) 


Na 2, 4, 5'tri" 
chloroplieno- 
late (Bowieide 

B) 


2, 3, 4, 6-tetra- 
clilorophenol 
(Bowieide 6) 


Bisease 

index 

Compoimd 

Grams 

per 

liter 

Plant 

injury 

Bisease 

index 

62.50 

Peiitaeliloroplienol 

0.80 

1 

85.58 

99.04 

(Santoplieii 20) 

0.40 

1 

87.50 

89.42 

0.20 

0 

76.45 

72.12 


0.10 

0 

54.55 

86.54 


0.07 

0 

75.00 

61.90 

Orthoplienylplienoi 

5.12 

1 

89.42 

65.34 

(Bowieide 1) 

2.56 

1 

88.46 

71.56 


1.28 

1 

79.17 

61 96 


0.64 

0 

67.31 



0.32 

0 

62.50 

77.88 

'7'7 1 Q 


0.16 

0 

69.23 

/ / .ly 
72.73 

Chloro-2-plieiiyl- 

1.28 

1 

91.35 

t^Q no 

phenol (Bowi- 

0.64 

0 

74.04 


cide 3) 1 

0.32 

0 

61.00 

55.17 

0.16 

0 

65.38 

64.89 


0.08 

0 

68.27 

97.12 
91.35 
ftp; nn 

Na chloro-2-];)lienyl- 
phenate (Bowi- 

5.12 

2.56 

1 

0 

79.81 

73.24 

oU.UU 

cide C) 

1.28 

0 

62.68 

92.31 

0.64 

0 

58.65 

95.20 


0.32 

0 

53.85 

95.37 


0.16 

0 

68.27 

90.97 

2, 4-dinitrochloro* 

0.40 

2 

95.19 

92.86 

benzene 

0.20 

1 

86.75 

81.73 


0.10 

0 

77.88 

98.08 

Chlorobenzene 

15.60 

0 

75.00 

97.12 

89.42 

(Brassiean) 

7.80 

3.40 

0 

0 

69.57 

79.81 

84.41 


1.70 

0 

77.88 

87.50 


0.85 

0 

75.27 

78.85 


0.42 

0 

71.15 

92.31 

82.76 

None (see table 2) 




85.58 





82.69 






amount of chemical applied to each plant was the important criterion of 
successful control, and that no advantage resulted from increasing the 
volume of liquid above 63 ml. per plant. This fact, of course, is an im- 
portant one in the application of this method on a large scale with mechani- 
cal transplanters, where the amount of liquid applied is usually 100 to 125 
ml. per plant. 

Commercial Application 

Since the results already presented indicated that mercuric chloride was 
the most effective chemical, it was tried more extensively on a commercial 



192 


Phytopathology 


[VoL, 3 


TABLE 4. — The effect of various amounts of oner curio chloride, ethyl mercury chlo- 
ride, and 2, 4, S-trichloo'opheoiol m the transplanting liquid oipon the development of 
club root 


Chemical used 

Amount 

of 

chemical 

applied 

per 

plant 

Diseas 
when tl 
of liqui( 

63 ml. 

36 at end of 
le indicated 
i per plant ^ 

j 125 ml. 

season 
amount 
ivas used 

250 ml. 

Amount 

applied 

per 

acre 

Cost 

per 

acrea 


Grams 

Index 

Index 

Index 

Grams 

Dollars 

None 


98.1 

97.4 

98.9 



Mercuric chloride 

0.218 

20.0 

30.7b 

24.8b 

1744 

5.00 


0.088 

38.6 

31.7 

32.9 

704 

2.00 


0.035 

53.2 

42.5 

42.9 

280 

0.80 

Ethyl mercury chloride 

0.475 

88.5 i 

64.7 

58.9 

3800 

5.00 

(2% Ceresan) 

0.190 

74.8 ^ 

77.4 

89.1 

1520 

2.00 


0.075 

83.3 

72.9 

85.7 

600 

0.80 

2, 4, 5-trichlorophenol 

0.040 

80.3 

91.0 

80.1 

320 

0.63 

(Dowicide 2) 

0.015 

90.1 

92.9 

81.4 

120 

0.25 


0.008 

83.3 

81.7 

94.8 

64 

0.10 


a Costs indicated are based on the rate of 8000 plants X3er acre and at the pre-war 
price of chemicals as follows: mercuric chloride, $2.87 per kilo; ethyl mercury chloride, 
$1.32 per kilo; 2, 4, 5-triehlorophenol, $1.98 per kilo. 

bBiifference in index required for significance (19: 1) : between chemicals, 7.7; be- 
tween amounts of chemical per plant or between amounts of liquid per plant -within any 
one chemical, 13.3. 

scale. In 1939 a trial on muck soil was conducted. Water was applied at 
the rate of 138 ml. per plant and there were approximately 8800 plants per 
acre. Mercuric chloride was added to make up the liquid at 1-1500 and 
1-750 strengths. This amounted to 0.092 and 0.184 gram per plant. The 
results presented in table 5 show a marked reduction in disease index and 
increase of yield when the treated rows are compared with untreated. 
Although the index was lower and the yield higher with the 1-750 solution 
as compared with the 1-1500 treatment, the differences were not significant. 
In this instance, however, the increase in yield more than offset the increased 
cost of chemicals in the stronger treatment. 


TABLE 5. — The effect of onercuric chloride in the transplanting liquid upon clubroot 
development and yield in a commercial planting of cabbage on much soil 


Concentra- 
tion of 
mercuric 
chloride 

Amount 

of 

liquid 

per 

acre 

Amount 

of 

liquid 

per 

plant 

Amount 

of 

mercuric 
chloride 
per plant 

Amount 

of 

mercuric 
chloride 
per acre 

Cost of 
mercuric ' 
chloride 
per 
acre^ 

Disease 
develop - 
mentb 

Yield 

per 

acreb 


Gals. 

Ml. 

Grams 

Grams 

Dollars 

Index 

Tons 

None 

320 

138 




85.3 

7.82 

1-1500 

320 

138 

.092 

810 

■■ 2.32 , 

36.7 

12.51 

1- 750 

320 

138 

.184 

1620 

4.64 

30.6 

13.07 

Difference re- 
quired for 
significance 

(19:1) 






11.3 

2.02^ 


a Cost is based on tbe prevailing wholesale price of mercuric chloride in 1939 of $2.87 
per kilo. 

b Disease development indices and yields are the means of 6 replicates. 
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Trials on a commercial scale were continued in 1940 and 1941. Four 
tests were made, 3 on muck and one on mineral soil. In one test mercurous 
chloride was compared with mercuric chloride. Disease indices, secured 
shortly before harvest, are given in table 6. Although mercurous chloride 
showed good promise in the exploratory tests (Table 2), it was definitely 
inferior to mercuric chloride in test 1 (Table 6). In all eases a decided re- 
duction in disease index was secured with mercuric chloride. Concentra- 
tions of 1-750 and 1-1500 were, in general, the most satisfactory; usually, 
the differences between the two treatments, as in the commercial trial of 
1940 (Table 5), probably were not significant. In tests 2, 3, and 4, HCl was 
used to facilitate dissolving the HgCla. No plant injury was noted on muck 
soil. In test 4 on mineral soil, however, there was some injury to plants in 
areas where the soil was comparatively dry at the time of transplanting. 


TABLE 6. — The effect of mercuric chloride and mercurous chloride in the trans- 
planting liquid on cluhroot development in commercial plantings 


Material 
added to 
transplanting 
liquid 

Concentra- 
tion of 
material in 
transplant- 
ing liquid^ 

Disease indices in tests indicated 

Test 1, 
muck soil, 
1940 

Test 2, 
muck soil, 

1 1941 

Test 3, 
muck soil, ’ 
1941 

Test 4, 
silt loam, 
1941 

None 


75.95 

99.45 

36.55 

72.92 

Mercuric 

1- 375 




20.28 

chloride, HgCL 

1 1- 750 

27.50 


16.70 

24.10 


1 1-1500 

48.08 

58.51 

21.95 

15.91 


1-3000 

51.42 


33.33 


Mercurous 

1- 862 

64.58 




chloride, HgCl 

: 1-1725 

63.46 





! 1-3450 

83.33 





a The liquid was applied at the approximate rate of 300 gal. per acre, and plants were 
set at about 8800 per acre. 


DISCUSSION AND SUMMARY 

The studies reported herein were conducted over a period of 4 seasons. 
They show conclusively that certain substantial benefits may be derived 
from the use of mercuric chloride in the transplanting liquid used for cab- 
bage. The control accomplished is not complete but it is sufficiently effective 
to result often in increased yields many times the cost of treatment. 

No encouraging results were secured with other inorganic or organic 
materials that were tested. For the time being it would appear that mer- 
curic chloride alone is safe to recommend. It proved successful on both 
mineral and muck soils, and its effectiveness appears to be due to its fungi- 
cidal action in the soil zone around the tap root of the transplant. It is 
suggested that possibly mercury ionizes rapidly in the soil and permeates 
as a vapor for an appreciable distance. Mercury vapors arising from the 
soil have been shown to be toxic to certain potted plants in the greenhouse 
(28). This may account in part for the superiority of the mercury salts 
over nonmercury substances in this role. 


194 


Phytopathology 


[VoL. 3 


Tlie nse of liydroclilorie acid as a solvent is fraught with some danger of 
injury to the plants, especially on mineral soils. Prom the trials reported 
it would appear that the most effective treatments would be found within 
the range of 1-750 to 1-1500 applied at the rate of 60 to 125 ml. per plant. 

There is nothing in the results reported to indicate that the control will 
be complete. Therefore, it should not be considered a substitute for such 
well-established practices as rotation, seed-bed sanitation, and, if feasible, 
maintenance of a neutral reaction by liming. As a supplement to these 
measures it should often be a worth-while procedure especially on mildly 
infested muck soils where the high buffer action often reduces or precludes 
any beneficial effect of liming in neutralizing the acidity of the soil solution. 

Departments of Plant Pathology and of Biochemistry, 

University of Wisconsin, 

AND 

Bureau of Plant Industry, Soils and Agricultural Engineering, 
United States Department op Agriculture, 

Beltsville Maryland. 
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THE INFLUENCE OF GUTTATION FLUID ON PESTICIDES 

Lawrence C. Curtis 
(Accepted for publication July 24, 1943) 

Since it was first discovered that Bordeaux mixture has fungicidal values, 
investigators have been perplexed by two problems involved in its use: (1) 
how does the insoluble copper in this mixture become soluble and therefore 
effective as a fungicide ; and (2) how does this soluble copper at times enter 
and injure the leaf. The numerous publications of investigations within the 
past 60 years and the controversial nature of the reports are ample evidence 
of the complexity and importance of these problems. 

There seems to be unanimity of opinion among investigators on several 
points; :(1) copper, if effective as a fungicide, must be in a soluble or ionic 
form; (2) it does at times enter and injure the plant; (3) the copper in 
Bordeaux mixture is in an insoluble form; (4) some chemical action between 
the deposit and (a) the atmosphere, (b) meteoric water, (c) the fungus, or 
(d) the host plant or (e) other unknown agencies, to bring this insoluble 
copper into solution. 

The object of this paper is to contribute certain new observations and 
experimental evidence that, when taken in consideration with the statements 
in the literature, may help to clarify these problems and may more fully 
explain the puzzling assortment of observations found in the literature 
concerning the physiological and chemical processes that are taking place 
between the pesticide and the host plant. 

Since so many conflicting observations have been recorded concerning 
the capricious behavior of Bordeaux, only those references that may have 
a direct bearing on this investigation will be cited. Others (1, 2, 3, 6, 9, 
10, 12, 13, 14, 17) have summarized quite adequately the observations and 
hypotheses previously advanced. 

Barker and Gimingham (2) have grouped the various hypotheses con- 
cerning the solubility of copper in Bordeaux mixture, and its fungicidal 
value under these headings : 

‘‘1. The copper is brought into solution by atmospheric agencies — more 
especially by the action of the carbon dioxide of the air; i.e., a purely chem- 
ical explanation. 

‘‘2. That the leaves, onto which the mixture is sprayed, exert a solvent 
action on the copper compounds, Le,, an action of the host plant. 

‘‘3. That the fungus itself is responsible for the production of the sol- 
uble copper by which it is finally poisoned, i.e., an action of the fungus.^’ 

MeCallan (12, 13) and McCallan and Wilcoxon (14) attach little impor- 
tance to CO 2 in the atmosphere or to uninjured leaves as having any solu- 
bilizing effect on copper in Bordeaux mixture. They do state, however, that 
meteoric water and injured or macerated leaves as well as fungous spores 
have the ability to release ionic copper in toxic concentrations from Bordeaux 
mixture. 
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It is with the second hypothesis that this paper is principally concerned. 
Wilson (18) pointed out that plants excrete fluid from uninjured leaves, 
which contains varying amounts of soluble materials. Table 1 gives the 
analysis of some of this fluid. This fluid or guttate, as is indicated in the 
table, was collected from a number of different plants both in the field and 
greenhouse and from the same plants on subsequent days. It was easily 
collected by sopping it up in glass wool and then squeezing it out into clean 
vessels. Chemical tests were made immediately and then the solution was 
quickly frozen to prevent any bacterial or mold action. These analyses are 
at best roughly quantitative and were made according to the method given 
by Morgan (15) for spot testing soil solution.^ The total solids varied from 
approximately 2500 p.p.m. for No. 1 to approximately 600 p.p.m. for cabbage 
and tomatoes. Approximately 50 per cent of this material was of an organic 
nature. 

The writer has advanced the hypothesis that the salts or compounds con- 
tained in the guttation fluid excreted from the host plant react or combine 
with the materials in sprays and dusts applied to plants as pesticides to form 
new compounds that either alter the effectiveness of the pesticide, or bring 
the copper into solution from the insoluble form from copper oxide and 
Bordeaux mixture. It has already been shown by Curtis (5) how guttation 
fluid is sucked back into the leaf. When this occurs, the soluble copper 
enters the plant to cause the well-known Bordeaux injury of Bordeaux- 
sensitive plants such as the cucurbits, or kill the leaf hopper (Empoasca 
fabae Herr) which causes hopper burn on potatoes. 

It is a well-known chemical fact that one salt or compound has a very 
definite effect on the solubility of another. When plants that have been 
sprayed with Bordeaux mixture guttate, a whole series of inorganic salts 
in addition to unknown organic materials is brought directly in contact with 
the insoluble copper. An ideal condition is thus provided for the production 
of many new copper compounds. Tests were made to determine whether the 
guttation fluid could bring copper into solution from copper hydroxide. 
Ten ml. of distilled, tap, and guttation fluid from squash were agitated for 
8 hours in flasks containing 100 mg. of copper hydroxide. When the super- 
natant solutions were filtered and tested,^ no copper was found in either 
tap or distilled water, but 4 p.p.m. of copper were found in the solution 
containing guttation fluid. No copper was found in the guttation fluid 
as it came directly from the plant nor in either tap or distilled water. 

INFLUENCE OF GUTTATION FLUID AND CERTAIN COMPOUNDS 
ON FUNGICIDAL EFFICIENCY 

MeCallan (12), Horsfall (11), and Dimond et al. (7), have described in 
detail methods for evaluating fungicides in the laboratory. A slight modi- 

1 The writer wishes to thank Miss Jane Andrews of the Soils Department of the Con- 
iieetieut Agricultural Experiment Station for making these analyses. 

2 This test was made ih the Department of Analytical Chemistry of the Conneeticut 
Agricultural Experiment Staition under the direction of Mr. W. T. Mathis. 
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fication of this method was used in determining the influence of guttation 
fluid on the toxicity of yellow copper oxide and Bordeaux mixture to Macro- 
sporium sarcinaeforme.^ This modification was : after the glass slides had 
been coated with the toxicants and dried, they were sprayed with two 
squeezes of a hand atomizer containing the guttation fluid and distilled 
water and held at constant level and distance from the slides. Table 2 


TABLE 2 . — JSffect of guttation fluid on copper toxicity 


Plants from which guttation 
water was collected 

Spray 

time 

Inhibition 

Yellow copper oxide j Bordeaux mixture 
Over sprayed with 

Bistilled 

water 

Guttation 

fluid 

Bistilled 

water 

Guttation 

fluid 


Seconds 

Per cent 

Per cent 

Percent 

Percent 

Summer squash growing in 

40 

100 

100 

90 

100 

greenhouse, collected April 

20 

65 

100 

99 

100 

17, 1942, spore-tested April 

10 

46 

100 

89 

100 

17, 1942 

5 

3 

91 

4 

99 

Tomatoes growing in the green- 

40 

75 

99 

99 

100 

house, 12 weeks old, collected 

20 

51 

94 

91 

99 

June 15, 1942, spore-tested 

10 

41 

83 

46 

65 

Oct. 6, 1942 

5 

28 

66 

8 

23 

Tomatoes in greenhouse, 10 

40 


100 

81 

99 

weeks old, collected May 12, 

20 

47 

93 

50 

95 

1942, spore-tested May 12, 

10 

19 

95 

22 

65 

1942 

5 

11 

28 

10 

7 

Same as above except that the 

40 


91 

81 

89 

plants were fertilized with 

20 

47 

71 

50 

80 

NH 4 SO 4 on May 6 , 1942 

10 

19 

12 

22 

9 

5 

11 

6 

10 

2 

Cucumbers growing in the green- 

40 

73 

100 

99 

99 

house, collected Aug. 13, 1942, 

20 

51 

99 

91 

98 

spore-tested Oct. 6, 1942 

10 

41 

95 

46 

79 

5 

28 

86 

8 

19 

Same plants as above except gut- 

40 

73 

92 

99 

99 

tate was collected Aug. 13, 

20 

51 

96 

91 

98 

1942 

10 

41 

85 

46 

88 


5 

28 

70 

8 

41 

Cabbage growing at the Exp. 

40 

73 

100 

99 

100 

Station farm, Mt. Carmel, col- 

20 

51 

84 

91 

98 

lected July 19, 1942, spore- 

10 

41 

59 

46 

59 

tested Oct 6, 1942 

5 

28 

44 

8 

19 

Summer squash growing at the 
Exp. Station farm, Mt. Car- 

40 

73 

88 

99 

99 

20 

51 

75 

91 

93 

mel, collected July 19, 1942, 

10 

41 

66 

46 

67 

spore-tested Oct. 6, 1942 

5 

28 

31 

8 

21 


and figure 1^ give the results of these tests, which show clearly that the 
guttation fluid increased to a marked degree the per cent of inhibition of 
spore germination. In figure 1 not only are all the lines from the guttation 
fluid series parallel to each other, but their slope is also different from the 

3 Thanks are given to Br. Janies G, Horsfall, Br. Albert Bimond and Miss Florence 
MeWilliam of the Bepartment of Botany and Plant Pathology of the Connecticut Agricul- 
tural Experiment Station for making these spore tests. 

4 The advantages of plotting these data on Logarithmetie Probability paper and the 
L.B. 50 values referred to are discussed in detail by Bimond et ah (7). 
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distilled water cheek. This difference in slope shifts the L.D. 50 values 
decidedly to the left, thus indicating that the guttation fluid brought more 
copper into solution to inhibit spore germination than did distilled water. 
These results support the hypothesis presented by the writer in the preeed- 


EFFECTOF GUTTATION WATER FROM 
DIFFERENT PLANTS ON THE TOXICITY 
OF YELLOW COPPER OXIDE TO THE 
GERMINATION OF SPORES OF 
MACROSPORIUM SARCINAEFORME 



GUTTATION WATER FROM 

1 CHECK- DISTILLED WATER 

2 SUMMER SQUASH 

3 CABBAGE 

4 TOMATOES 

5 CUCUMBERS 

6 CUCUMBERS X X'. 


SPRAY TIME. SEC. 

Fig. 1 

ing paragraphs. Furthermore, the parallel lines in figure 1 indicate that the 
guttation fluid from different species of plants affect the copper oxide in 
the same way but at different rates. This fact presents the question : is there 
some one compound common to the guttation fluid from all plants, but 
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present in different amounts? Since ammonia readily forms complex com- 
pounds with copper, perhaps the ammonia was the most likely compound 
to give this effect. The results of a preliminary experiment in which 20, 
10, and 5 p.p.m. of ammonium chloride and ammonium hydroxide tested 
in the same way as the guttation fluid, are given in table 3. The ammonium 


TABLE 3 . — Effect of NE^CL and NEJOE on copper toxicity 





Inhibition 


ORem. compound 
and p.p.m. 

Spray 

time 

Yellow copper oxide 

Bordeaux mixture 


Over sprayed with 




Distilled 

water 

Salt 

solution 

Distilled 
- water 

Salt 

solution 


Seconds 

Eer cent 

Fer cent 

Per cent 

Per cent 

Ammonium chloride 






20 p.p.m. 

40 

95 

100 

98 

100 

20 

85 

100 

86 

94 


10 

52 

97 

33 

61 

' 

5 

10 

60 

9 

12 

10 p.p.m. 

40 

95 

100 

98 

95 

20 

1 85 

99 

86 

95 


10 

1 52 

88 

33 

47 


5 1 

1 10 

38 

9 

12 

5 p.p.m. 

40 1 

S 95 

100 

98 

98 

20 

85 

97 

86 

93 


10 

• 52 

93 

33 

56 


5 

10 

62 

9 

11 

Ammonium hydroxide 






20 p.p.m. 

40 

94 

99 



20 

82 

91 




10 

51 

61 




5 

12 

16 



10 p.p.m. 

40 

94 

96 



20 

83 

94 




10 

51 

37 




5 

12 

19 



5 p.p.m. 

40 

94 

96 



20 

82 

85 




10 

51 

40 




5 

12 

10 




chloride increased the per cent of inhibition of spore germination above the 
distilled water cheek on both yellow copper oxide and Bordeaux. While 
the difference between the ammonium hydroxide and distilled water on 
yellow copper oxide is less pronounced, there is, nevertheless, an increased 
inhibition. 

A second experiment was made in which 6 salts, ammonium citrate, 
ammonium chloride, ammonium sulphate, sodium citrate, potassium chloride, 
and potassium sulphate were used in concentrations of 20 and 10 p.p.m. 
The results (Table 4) show that all the salts increased the per cent of 
inhibition of spore germination over that of distilled water. On the yellow 
copper oxide the ammonium salts had a greater effect than either sodium 
or potassium, while there was little difference on the Bordeaux series between 
any of the salts. 
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TABLE 4. — Effect of different salts on copper toxicity 





Inhibition 


Chem. compound 
and p.p.m. 

Spray 

time 

Yellow copper oxide 

Bordeaux mixture 


Over sprayed with 




Distilled 

water 

Salt 

solution 

Distilled 

water 

Salt 

solution 


Seconds 

Per cent 

Per cent 

Per cent 

Per cent 

Ammonium citrate 






20 p.p.m. 

40 

19 

53 

90 

99 

20 

13 

31 

78 

82 


10 

5 

11 

16 

29 


5 

5 

7 

6 

8 

10 p.p.m. 

40 

19 

70 

90 

99 

20 

13 

18 

78 

82 


10 

5 

7 

16 

16 


5 

5 

4 

6 

5 

Ammonium chloride 






20 p.p.m. 

40 

19 

93 

90 

97 

20 

13 

74 

78 

62 


10 

5 

21 

16 

31 


5 

5 

8 

6 

8 

10 p.p.m. 

40 

19 

62 

90 

98 

20 

13 

34 

78 

78 


10 

5 

14 

16 

30 


5 

5 

6 

6 

9 

Ammonium sulphate 






20 p.p.m. 

40 

19 

67 

90 

99 

20 

13 

12 

78 

87 


10 

5 

6 

16 

19 


5 

5 

2 

6 

12 

10 p.p.m. 

40 

19 

50 

90 

92 

20 

13 

13 

78 

69 


10 

5 

4 

16 

11 


5 

5 

1 

6 

3 

Sodium citrate 






20 p.p.m. 

40 

19 

35 

90 

97 

20 

13 

15 

78 

86 


10 

5 

7 

16 

21 


5 

5 

5 

6 

5 

10 p.p.m. 

40 

19 

23 

90 

98 


20 

13 

13 

78 

70 


10 

5 

7 

16 

34 


5 

5 

2 

6 

6 

Potassium chloride 






20 p.p.m. 

40 

19 

33 

90 

99 


20 

13 

8 

78 

77 


10 

5 

5 

16 

16 


5 

5 

1 

6 

4 

10 p.p.m. 

40 

19 

44 

90 



20 

13 

8 

78 

66 


10 

5 

5 

16 

24 


5 

5 

1 

6 

4 

Potassium sulfate 






20 p.p.m. 

40 

19 

43 

90 . 

94 


20 

13 

10 

78 

67 


10 

5 

4 

16 

33 


5 

5 

5 

6 

8 

10 p.p.m. 

40 

19 

22 

90 

88 


20 

13 

11 

78 

64 


10 

5 

4 

16 

35 


5 

5 

1 

6 

5 
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Baine (1) lists CaCl 2 , Ca(N 03 ) 2 , NaCl, and Mg(N 03)2 as having 
materially increased Bordeaux injury to peach leaves while KNO 3 , cane 
and grape sugar were less effective, Ca 3 (P 04 ) 2 , K 3 PO 4 were indifferent, 
and KH 2 PO 4 seemed to diminish the injury. It would be difficult to deter- 
mine which or how much of the compounds Baine (1) used in this experi- 
ment, or those of the writer, occur in the guttation fluid. Prom the results 
of these experiments, however, there can be little doubt that the compounds 
in solution in the guttation fluid must at times play an important part in 
bringing copper into solution from the insoluble form to mcrease its effective- 
ness as a fungicide, and that the ammonia in this fluid must be an important 
constituent in bringing about this effect. Other compounds, either singly 
or collectively, undoubtedly have similar effects. 

Crandall (4) was probably, at least in part, correct in his statement 
about the ammonia contained in the rain having a solubilizing effect on the 
copper fungicide. Pailyer and Willard (8) have shown that rain water, 
especially in amounts of less, than 2.5 millimeters, contains appreciable 
amounts of ammonia. In one such rain they reported 12.2 p.p.m. of nitro- 
gen. According to the experiments described above this would certainly 
be sufficient amount to bring copper into solution from Bordeaux. 

THE RELATION BETWEEN GUTTATION FLUID AND SPRAY INJURY 

A good many observations have been made by different investigators as 
well as fruit and vegetable growers concerning the injury to certain plants 
following the use of Bordeaux mixture or other sprays or dusts. There 
seems to be an unanimity of opinion among them that this injury is nearly 
always associated with wet, foggy weather or conditions of high tempera- 
ture and humidity. Frequent reference, Baine (1), Crandall (4), also is 
made to heavy dews and meteoric waters on the sprayed foliage, which later 
shows injury. Furthermore, they are universally agreed that the copper 
must enter the leaf to cause injury, yet its method of entry is still a con- 
troversial subject. DeLong (6) has given an excellent review of most of the 
literature on this subject. 

In only one of these observations, as far as the writer has been able to 
determine, has guttation fluid been collected and its solubilizing effect deter- 
mined on a spray or dust. Smith (16) collected the ^‘dew” from cotton 
plants and found that it increased markedly the solubility of calcium arse- 
nate, He attributed this effect to the chemical action of the compounds in 
the dew on the calcium arsenate. Unquestionably, Smith, in this work, 
found the most important factor that was responsible for the increased solu- 
bility of calcium arsenate when it was applied to cotton as an insecticide. 
He concluded that the soluble arsenate is responsible for the injury of this 
dust to the plant. Although the title of this paper is Excretions from 
Leaves as a Factor in Arsenical Injury to Plants,’’ he was uncertain how 
these compounds got into the dew. He says: ^ ^Whether these have come 
into the dew by osmosis or by actual exudation was not determined, the for- 
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mer being more probable.” In discussing the influence of various cbemical 
compounds, found as impurities in the insecticide or in the water with which 
spray and dusts are mixed, on the solubility of arsenicals he makes this 
statement: Their work suggests that the burning of di-lead arsenate fre- 
quently observed on the Pacific Coast, and hitherto attributed to hydrolysis 
by the heavy and recurring fogs of that region, is really due to the salt spray 
entrapped by these fogs.” It seems to the writer that there was little need 
of looking for an outside agency in supplying chemical impurities when, 
under foggy conditions the plant probably would guttating to supply 
them. 

Baine (1) made some pertinent statements concerning the entrance of 
copper into the peach leaf. In every instance in which he refers to this he 
emphasized the necessity of moisture being present on the leaf. . it 

may be true that there is sufficient moisture in the cuticle of the living leaf 
to allow for the diffusion of a minute quantity of copper into the leaf.” 
In another paragraph in which he discusses his experiments with deli- 
quescent copper salts on peach leaves he states, ‘‘Here the salts absorb 
moisture from the rapidly cooling air in the afternoon and become a satu- 
rated solution just at the most favorable time for its entrance into the leaf 
by imbibition.” He was not sure whether the copper entered by diffusion 
through the cuticle or by imbibition. Where deliquescent copper salts were 
used he was certain that it entered by imbibition. This action he described as 
occurring especially toward evening when the dew begins to fall during 
showery weather. 

In the writer’s opinion Baine, Smith, and Crandall all observed the solu- 
bilizing injfluenee of guttation water on Bordeaux mixture, and much of 
the meteoric water and dew which they discuss was actually fluid excreted 
or guttated by the plant. 

It is possible that Baine actually saw the leaf imbibe water in the same 
way that the writer, Curtis (5), has seen and demonstrated that the gutta- 
tion fluid is sucked back into the leaf. The writer is certain, however, that 
Baine did not see dew “fall” in the evening. 

SUMMARY 

Chemical analyses of guttation fluid collected from tomatoes, cabbage, 
cucumbers, summer and Hubbard squash showed that the water contains 
in solution both organic and inorganic salts of varying concentrations and 
pH, that the solutes from the same plants may vary from day to day, and 
that the concentration of the solutes may be influenced by soil fertilization. 

The guttation fluid from squash plants was shown to bring copper into 
solution from Cu(0H)2 ; furthermore, the guttation fluid from all the plants 
tested increased the toxicity of yellow copper oxide and Bordeaux mixture 
when sprayed on glass slides and seeded with known dilutions of Macro- 
sporium sarcinaeforme. Different concentrations of several salts gave 
similar effects. 
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The hypothesis advanced to explain how sprays and dusts applied as 
pesticides injure the plants is that the guttation fluid increases the solu- 
bility of the pesticide, which is then sucked back into the leaf in the guttation 
drops so that injury occurs from the inside of the leaf . This hypothesis can 
explain also the process by which on plants previously sprayed with Bor- 
deaux the copper content of potato leaves can be built up in concentrations 
toxic to the potato leaf hopper, Empoasca fabae (Herr) . 

Connecticut Agricultural Experiment Station, 

New Haven, Conn. 
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THE PERFECT STAGE OP COLLETOTRICHUM PALCATUM 

Feunanbo Caevajal and C. W. Edgebton 
(Accepted for publication July 2, 1943) 

The fungus causing the red rot of sugar cane, ColletotricJmm falcatum, 
was first described from Java by Went in 1893 (6) . In the imperfect stage, 
the only stage known until 1942, falcate, unicellular, hyaline conidia develop 
in acervuli on conidiophores, which are intermixed with numerous setae. 
The conidia form on short conidiophores and, sometimes, even on the setae. 
The conidia upon germination may either develop a mycelium directly or 
produce appressoria similar to those produced by certain other members of 
the order Melanconiales. The fungus fruits on various parts of the sugar- 
cane plant, but the acervuli are particularly common on the midribs of the 
leaves. The fungus occurs in all sugar-producing countries, and, in some, 
causes serious losses to the cane industry. In Louisiana it has been known 
since 1908 (3, 4) and is recognized as one of the most serious and important 
disease-producing organisms on sugar cane. 

In 1942, while studying the red-rot fungus on some cane leaves that had 
been sterilized in the autoclave and inoculated with a pure culture, a peri- 
theeial stage, later identified as belonging to the genus Physalospora, was 
observed. This ascigeral stage has since been found very commonly preva- 
lent in the field under certain conditions, and has been produced in the 
laboratory on cane leaves, either sterilized or not, and on other fibrous 
material. It has been proved to be the perfect or ascigeral stage of Colleto- 
trichum falcatum. 

OCCURRENCE OF PERITHECIA ON CANE LEAVES 

In the field the perithecia have been seen most commonly on dead leaf 
blades and leaf sheaths that were beginning to dry. Leaves on shoots killed 
by too much crowding or from other causes frequently have been found 
covered with perithecia. It also has been possible usually to hasten peri- 
theeial formation by cutting leaves showing midrib lesions and placing them 
on moist cotton in moist chambers. Generally, as the tissues have lost their 
chlorophyll and died, the perithecia have developed and matured. The 
perithecia have occurred in abundance on the leaf sheaths, on the underside 
of the midrib, and on both surfaces' of the rest of the leaf blade. 

The perithecia generally have been found under field conditions some- 
what later than the period of greatest conidial production; and this, com- 
bined with the fact that they have not been very conspicuous, is apparently 
the reason why they have not been reported previously. 

Perithecia have been collected in Louisiana on plants of the 5 recognized 
species of Saccharum, S. officinarum L., S. harberi Jeswiet, S. sinense Roxb., 
8. spontaneum L., and S', robustum. They also have been collected on leaves 
of the grass Leptochloa filiformis (Lam.) Beauv., which is very common in 
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sugar-cane fields in Louisiana. They also have been collected on numerous 
hybrids of the above cane species. There is no reason to doubt their develop- 
ment on all cane varieties. 

In the laboratory, perithecia have developed not only on diseased cane 
leaves brought in from the field, but also upon sterilized leaves of cane, 
sorghum, and corn placed on wet cotton in Petri dishes, and even on steril- 
ized strips of filter paper placed on cotton wet with a nutrient solution in 
Petri dishes following inoculation with a pure culture of the red-rot fungus. 


Fig, 1. Perithecia of Physdospora tucumomnsis, A. Peritheeium from tipper sur- 
face of leaf. x240. B. Perithecia on both surfaces of leaf. t<240. C. Peritheeium 
showing usual position between fibrovaseular bundles, x 240. P. Two perithecia closely 
associated with fibrovaseular bundles. X 120. 

STRUCTURE OF PERITHECIA 

On a leaf the perithecia normally develop between fibrovaseular bundles, 
filling all the available space (Pig. 1). In a cross section of a leaf the peri- 
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thecia may appear to be quite irregular due to the peritheeial wall following 
the contours of the bundles. In a longitudinal direction, with no restricting 
bundles, the perithecia are usually considerably wider and the walls are 
rounded (Fig. 2, D). The perithecia are almost entirely under the surface 
with only a very small portion of the ostiole outside the epidermis. At 
maturity the perithecia are filled with a large number of asci and numerous 
paraphyses (Fig. 3). The paraphyses, which extend to the ostiole, are deli- 


Fig. 2. Perithecia of Fhysalospora tucumanensis. A. Peritheeium with asci. x 300. 
B. Peritheeium from autoclave-sterilized leaf inoculated with red-rot culture. x240. C. 
Peritheeium from type material from Argentina, x 300. B. Young peritheeium, section 
cut parallel to long axis of leaf, x 240. 

cate structures. In a smear preparation, their walls are difficult to see, but 
the abundant granules or oil drops in the interior are very conspicuous. The 
asci are club-shape and somewhat thickened at the apices. The ascospores 
are elliptical, hyaline, unicellular, straight or slightly fusoid, each contain- 
ing, like the conidia of Colleioirichum falcatim, a central clear area, which 
is assumed to be a nucleus. 
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Fi 8. 3. Asci of Fliysalos'pora tucumanensis. A. Single ascus, not stained, showing 
light-colored area in center of each spore. x400. B. Mass of asei from a peritheeium, 
stained with Cotton Blue. x400. 

nated, and transferred to culture tubes. These cultures grew rapidly and 
produced in abundance falcate eonidia typical oi Collet otrichum falcatum. 
In no w’ay did these cultures differ from those obtained from eonidia of the 
red-rot fungus. Cultures of both the light and dark strains, as described 
by Abbott (1), were obtained from single aseospores. Of the 497 cultures 
studied, 357 were of the dark strain or similar to it, while 140 were of the 
light strain. In some cases both strains were obtained from the same midrib 
or leaf sheath material, though in no ease did both strains come from the 
same peritheeium. 

To prove with certainty that the Physalospora found on sugar cane was 
the perfect stage of the red-rot fungus, Colletotrichum falcatum, wimerouB 
inoculation experiments were made on sugar cane with eonidia that de- 


Peritiiecia tliat develop on sterilized leaves are larger, more tliiii- walled, 
and irregular, and project farther from the surface than those on leaves 
from the field (Fig. 2,B). 


ISOLATION AND INOCULATION TESTS 


To study the Fliysalospora from sugar cane, and to prove beyond ques- 
tion its relation to the red-rot fiuigns, cultures were obtained from aseo- 
spores from various cane varieties and from all the cane species and the grass 
Leptocliloa filiformis. In the course of the study, at least 497 pure cultures 
were obtained from single aseospores from peritiiecia that developed natu- 
rally on leaves. These were picked up with the micromanipulator, germi- 
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veloped in single ascospore cultures. In all, more than 50 different cultures 
were used in the tests. Both leaves and stalks were inoculated. 

Leaves in the field were inoculated by inserting conidia in punctures on 
the upper surface of the midrib. Three leaf inoculation tests were carried 
on at various times during the summer, using a number of different asco- 
spore cultures along with known red-rot cultures. The lesions produced on 
the inoculated leaves were in all ways similar to lesions produced by virulent 
red-rot cultures. They w^ere elongated, reddish to brownish, usually with a 


Fig. 4. Eed rot in stalks of cane following inoculation with single-sx^ore cultures of 
Colletotrichum fahatum Siud Fhysalospora tucumanensis. A. Control, not inoculated. B. 
Co. 281 inoculated with single-ascospore culture. 0. Co. 281 inoculated With single- 
Qomdium cvltnTG of Collet otrieJium falcatum. D. Co. 281 inoculated with single-ascospore 
culture isolated from a leaf that had been inoculated with a culture of ColUtotrichum fal- 
catum that had been carried through 40 generations by conidial transfers. E. Go. 281 
inoculated with single-ascospore culture. F, G. C.P. 33/243 inoculated with diffierent 
single-ascospore cultures. 

light-colored central area on which the aeervuli developed in abundance. 
Many of the moculated leaves showing lesions were cut and placed in moist 
chambers. As the green color faded after several days, perithecia developed 
ill abundance on them. 

The inoculations in the stalks were of 3 types, these being similar to the 
routine tests made in testing seedlings and new canes for resistance to red 
rot. These included inoeulations in standing cane in the field, inoculations 
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in cut stalks kept in the laboratory, and inoculations in cut stalks just previ- 
ous to planting in the field. All stalk inoculations were made by inserting 
spores in the stalks in holes made with a metal inoculator, a cutting instru- 
ment that removes a plug of stalk tissues. 

Inoculations in the field were made at various times using single asco- 
spore cultures along with known virulent red-rot cultures. In such tests the 
conidia migrated up and down in the fibrovaseular bundles. Red lesions 
developed along the bundles wherever the spores lodged and germinated. 


Pig. 5. Test with cultures from ascospores from a single ascus. A. Control, not 
inoculated. B. Stalks inoculated with cultures from 8 ascospores from one ascus. C, 
Stalk inoculated with single-ascospore culture isolated from a leaf that had been inoculated 
with a culture of Colletotrichum falcattm that had been carried through 40 generations 
by conidial transfers. ' 

Many ascospore cultures were tested and all produced the same typical red 
lesions, as did the red^rot cultures. 

Inoculations with many cultures also were made in cut stalks stored in 
the laboratory. These all produced the more generalized type of injury 
characteristic of stalks in this condition. 

In stalks planted in the fall after inoculation, the mycelium spread 
through the stalks during the fall and winter months. The rot produced by 
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ascospore cultures was identical with that produced by virulent red-rot cul- 
tures (Pig\ 4). 

Numerous cultures were made from the inoculated leaves and stalks and 
ill all cases typical red-rot cultures were obtained. 

HOMOTHALLISM OP PHYSALOSPORA 

The inoculation tests and culture experiments also have demonstrated 
that the sugar-cane Physalospora is homothallic. It always has been possi- 
ble to force the formation of perithecia on leaves or leaf sheaths inoculated 
with single ascospore cultures. Also, perithecia have been produced in 
abundance on sterilized leaves and other materials inoculated with such 
cultures. 

RESULTS WITH ASCOSPORES PROM SAME ASCUS 

In several of the experiments with the sugar-cane Physalospora, it was 
possible to obtain pure cultures from all 8 ascospores from a single ascus. 
In all eases these cultures were absolutely identical as far as could be deter- 
mined. Furthermore, these were used in inoculation tests, and the same 
symptoms were produced by all cultures (Pig. 5). 


DETERMINATION OP LOUISIANA FUNGUS 

In the attempts to determine the Physalospora on sugar cane in Louisi- 
ana, its characters were compared with those of similar fungi reported on 
sugar cane and related plants in various parts of the world. Of the several 
species of Physalospora reported on sugar cane, the characters of one, P. 
hmmianensis Speg., seemed to agree closely with those of the Louisiana 
material. This fungus was first described in 1896 in Argentina by Spegaz- 
zini (5), who found it occurring commonly on dying leaves of sugar cane. 
In order to determine with reasonable certainty whether or not the Louisiana 
fungus was the same as that from Argentina, a fragment of the type material 
of Spegazzini^s fungus, Physalospora iimimanensis, was obtained from 
Argentina.^ 

This fragment contained perithecia (Fig. 2, C) in abundance and also 
setae and eonidia of wFat seemed to be Collet otrichum falcatum. Upon 
examination, it was found that the perithecia, asci, and ascospores 'were very 
similar to those of the fungus found in Louisiana, which had been proved 
to be the perfect stage of Collet otrichum falcatum. With this evidence, the 
Louisiana fungus was reported as Physalospora tucumanensis Speg. (2) . 

DESCRIPTION OP P. TUCUMANENSIS 

The characteristics of Physalospora tucumanensis based on studies of 
Louisiana collections are given in the following description. 

Physalospora tucumanensis Speg. Peritkecia mostly scattered, sometimes 2 or 3 
together, on various parts of host plant but abundant on leaf sheath and leaf blade, nearly 
submerged with only a small portion of ostiole protruding, located usually between flbro- 

1 Type material was kindly furnished by Juan C. Lindquist of the Instituto de Bo- 
tanica ^ ^ Spagazzini, ^ ^ La Plata, and was labeled ^ ‘ No. 418, separado del tipo. ’ ’ 
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vascular bundles and often tilling entirely the space between the bundleSj black, 100-260 
(width) X 85-250 (height) |ii in size, the width in longtudinal section of leaf greater than 
in cross section. Asei numerous, elavate, thickened at the apex, 50-118 x 7.4-19.2 |a, 
usually ranging from 70-90 x 13-18 |li. Ascospores irregularly biseriate, single-celled, 
hyaline, straight or somewhat f usoid, elliptical to ovate, at maturity and, while fresh, con- 
taining a hyaline area near center, 12.5-30.0 x 5.0-11.1 pi, usually ranging from 18-22 x 
7-8 pi. Paraphyses very abundant, delicate walls, septate, usually unbranclied, filled with 
conspicuous granules or oil droplets, extending to ostiole. Periphyses abundant and con- 
spicuous around ostiole opening. 

Found in abundance on dead and dying* leaves of species of Sacchanim 
and Leptochloa 'filiformis in Louisiana, usually folloiving conidial formation 
of Collet otricMmi falcatimi. Proved to be the aseigeral stage, of Colleto- 
tricMim falcatum Went. 

SUMMARY 

A fungus belonging to the genus Physalospora has been found in abun- 
dance on dead and dying leaves and other parts of species of Saccharum and 
Leptochloa filiformis in Louisiana usually following the production of 
conidia of Colletotrichum falcatum. 

By inoculation tests, the Physalospora has been proved to be the aseigeral 
stage of Colletotrichum falcatum^ the fungus causing the red rot of sugar 
cane. 

The peritliecia have been produced in the laboratory on sterilized leaves 
and other fibrous material. 

The Physalospora is homothallie, as perithecia have been readily pro- 
duced with single ascospore cultures. 

The 8 ascospores from an ascus have produced identical cultures with the 
same pathogenicity. 

The fungus has been identified as Physalospora tucumanensis Speg., a 
species collected in Argentina by Spegazzini and described by him in 1896. 
The identification has been confirmed by comparing the Louisiana material 
with type specimens of P. htcumanensis. 

Department op Botany^ 

Louisiana State University, 

Baton Rouge, Louisiana. 
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FURTHER STUDIES ON A SPECIES OP HELMINTHO- 
SPORIUM PARASITIZING CORN’^ 

Arnold J. Ullstrup^ 

(Aeceioted for publication August 12, 1943) 

INTRODUCTION 

111 1941 (6) a species of Helminthospornm was reported occurring as 
a parasite on dent corn {Zea mays L.) in the Corn Belt. The species was 
shown to be composed of two physiological races, morphologically indis- 
tinguishable, but separable on the basis of symptoms each produced and 
the high degree of specialization in parasitism of one of the races toward 
certain inbred lines of corn. Susceptibility to this race was shown to be 
inherited as a monogenic recessive (7) . 

Morphological comparisons between the species reported and that of 
Cochliohohis lieterostropMis Drechs. (Helminthosporium maydis Nisikado 
and Miyake) as found in the literature (1, 2, 3, 4), indicated close agreement 
in range of spore length, range of spore width, number of septations, charac- 
ter of the hilum, mode of spore germination, and range in length of conidio- 
phores. Symptoms on mature leaves also bore similarity to those caused b^T" 
C, heterostrophits, as shown in illustrations (2), and as seen on examination 
of herbarium material. The fungus under consideration was identified as 
H. maydis because of these similarities in morphology and in symptoms it 
produced. 

At the time the study was being made, attempts to obtain viable collec- 
tions of Helmmthosporium maydis from the Southern States for comparison 
were unsuccessful. In the late summer of 1942, a relatively severe epidemic 
of leaf spot of corn caused by H, maydis occurred in the Southeastern States 
(8). Through the courtesy of George Y. Young several collections of H. 
maydis were obtained for comparison with the species occurring in the Corn 
Belt states. 

OBSERVATIONS 

Pure cultures of Helminthosporium maydis were obtained from 4 col- 
lections made in Mississippi and from 1 collection made in North Carolina. 
At the same time pure cultures were made from collections of the species 
occurring in the Corn Belt. Of the latter cultures, 3 were of race I and 
3 of race II. Spore suspensions of each were sprayed on seedlings of inbred 
lines, single crosses, and double crosses. The seedlings were placed in moist 
chambers overnight and then returned to the greenhouse bench. Care was 
taken to prevent any mixing of inoculum before and after spraying on the 

1 Cooperative Investigation, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Besearch Administration, 
United States Department of Agriculture, and the Department of Botany and Plant 
Pathology, Purdue University Agricultural Experiment Station. Journal Paper No. 116 
of the Purdue University Agricultural Experiment Station. 

2 Associate Pathologist, Division of Cereal Crops and Diseases. 
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plants. One week after inoculation, when symptoms were well established, 
the results were recorded as shown in table 1. These data indicate no 
specialization in parasitism among the southern isolates for the inbred lines 
and hybrids inoculated. Tests were continued to include 57 inbred lines, 
8 single crosses, and 6 double crosses. All material tested showed equal sus- 
ceptibility to all isolates from southern collections. 

The symptoms produced by races I and II on seedling leaves (Fig. 1, A), 
as well as on mature plant leaves, are distinct from each other and have 
already been described (6). The symptoms produced by the southern iso- 

TxABLE 1 . — 'Reaction of hibred lines, single crosses, and doiible crosses to inoculation 
with isolates of Helminthosporhmi sp. from Corn Belt collections, and with isolates of H. 
maydis collected in the Bouihern States 
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a Designations in parentheses are of inbred lines from which isolates were obtained. 

Homozygous resistant inbred Pr obtained by outcrossing to a resistant inbred, 
backcrossing five successive generations, and selfing twice. 

e S. - Susceptible ; E. = Resistant ,* M.S. = Moderately susceptible; M.R. = Moderately 
resistant. 

^ Prom the Southern States. 

lates on seedling leaves, while resembling those caused by race I, are never- 
theless distinct (Fig. 1, B). In the early stages of development of the 
lesions, water soaking of the tissues is a conspicuous symptom. Young 
lesions produced by race I, while they do show water soaking, do not do so 
to the extent found in infections caused by E, maydis from southern collee- 
tions. As compared with symptoms of race I, fully developed lesions on 
seedling leaves caused by the southern isolates are somewhat more elongated 
and the margins of the lesions are more irregular. A definite zonate pattern 
is characteristic of the lesions of both diseases. In those infections caused 
by the southern isolates a purplish-brown margin surrounding the dry straw- 
colored area is a distinct feature. 
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Morphological Comparisons 

Spore snspensions of the southern isolates and of race I and of race II 
of the Corn Belt species were separately sprayed on seedlings of K61 x Pr, 
a single cross susceptible to all cultures. Ten days after iiiociilation indi- 
vidual collections of seedling leaves, each of which was infected with a single 



Pig. 1. A. Symptoms on seedling leaves of K61 x Pr, produced by isolates of 
JSelmmthospormm carhonum. Tbe first three leaves infected with isolates of race I, the 
fourth leaf infected with an isolate of race II. B. Symptoms on seedling leaves of K61 
X Pr produced by isolates of H. may Ms collected in the Southern States. 
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culture, A¥ere harvested and dried at room temperatures for 2 weeks. The 
dried leaves were then placed in moist chambers for 4 days at which time 
spores had been produced in abundance on the lesions. Spores were scraped 
at random from lesions scattered over the leaves and spore length, spore 
Avidth, and number of septations recorded. Three samplings totaling 105 
spores were made from each culture. The data obtained are shoAvii in table 
2. Data for spore length of the southern collections are compared with 


TABLE 2. — Comparative measurements of spores grotcn from collections of Hehnin- 
tliosporium may Ms and JI. earhonum on seedling leaves of the susceptible single cross 
K61xPr 



Eange 

Mean 

Eange 

Mean 

Eange in 

Mean 

Culture No. 

of spore 

spore 

of spore 

spore 

iiumher 

number 


length 

length 

width 

width 

of septa 

of septa 


Southern collections 
(ET. maydis) 



Microns 

Microns 

Microns 

Microns 



1 

42.5-127.4 

86.7 

10.6-21.2 

15.2 

5-11 

8.1 

2 

35.4-120.4 

92,9 

7.1-17.7 

15.7 

3-13 

8.5 

3 

24.8-120.4 

91.8 

10.6-17.7 

14.3 

3-12 

8.5 

4 

31.9-123,9 

85.5 

10.6-17.7 

14.4 

3-11 

8.2 

5 

46.0-127.4 

89.1 

10.6-17.7 

14.6 

, 3-12 

8.2 

Grand means 


89.2 


14.9 


8.3 



1 



Northern collections 
(H. carbomim) 


(Eace I) 

6 

38.9- 99.1 

69.5 

10.6-14.2 

13.5 

3-12 

7.2 

7 

31.9- 99.1 

56.9 

10.6-17.7 

13.0 

3-10 

6.4 

8 

24.8- 95.6 

57,1 

7.1-17.7 

12.4 

2-11 

6.8 

Means for race I 


61.2 


13.0 


6.8 

(Eace II) 

9 

24.8-102.7 

‘ 65.9 

10.6-14.2 

12.7 

3-12 

7.7 

10 

35.4-102.7 

65.2 

10.6-17.7 

14.3 

3-11 

6.9 

11 

31.9- 88.5 

60.9 

10.6-17.7 

13.6 

3-11 

7.0 

Means for race 







II 


64,0 


13.5 


7.2 

Grand means 


62.6 


13.3 


7.0 






those for the northern collections by means of frequency polygons in figure 2, 
A. In figure 2, B, the spore length distributions of race I and race II of the 
northern collections are illustrated. 

The difference of 26.6 p between the mean spore lengths of the northern 
and the southern collections is statistically significant. The difference of 
2.8 p between mean spore lengths of race I and race II is not statistically 
significant. 

Comparisons between the spores of the northern collections with those 
of the southern collections in respect to such characters as color and cur- 
vature emphasize further differentiation. These differences are illustrated 
in figure 3. Spores from southern collections show considerable curvative 
as compared with the relatively straight spores from collections of the Corn 
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Belt species. Spores from soiitliern isolates are fuliginous to olivaceous 
in color, whereas those from the Corn Belt species are dark olivaceous-brown. 
All comparisons Avere made on material of the same age collected from in- 
fected leaves of one single cross susceptible to all isolates. 

With the exception of Helminthospormm maydis Nisik. and Myke. and 
H. zeicola Stout, the species of Helminthospormm under consideration bears 
little resemblance to any of the other species found on corn or other grass 
hosts. The differences between it and H. maydis as pointed out in this paper 



Pig. 2. A. Frequency distribution of spore length of northern collections {Helmin- 
thosporimn carhonum) compared with that of southern collections (ST. maydis). Mj 
(62.6 jj.) =mean length of spores from northern collections. Mo (89.2 =mean length of 
spores from southern collections. The difference between these means is statistically sig- 
nificant. B. Frequency distribution of spore length of race I and race II of northern 
collections (E. carhonum). Mj (61.2 jx) = spore length of race I. Mo (64.0 p,) = mean 
spore length of race II. Difference between Mi and M 2 is not significant. 

appear sufficient to set it apart as a distinct species. H. zeicola Stout, wcas 
described in 1930 (5) and similarities between it and H. maydis were 
brought out in the description. Stout wus of the opinion that the absence 
of a perithecial stage and eaulicolous habit of the fungus justified specific 
separation. 

Although the virulence of the fungus w^as not verified, Stout felt that 
Helminthospormm zeicola was pathogenic. Examination of an herbarium 
specimen of H. zeicola was of little value for comparison with the Corn Belt 
species of Helminthospormm. The old cornstalk, while showing some break- 
down of tissues at a lower node, did not present any distinct set of symptoms 
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comparable to that found on host material infected by the species of Eelmin- 
thosporium under consideration. Typical spores of the genus Helmintho- 
sporium were found associated with the nodal tissues of the specimen, but 
these were so few in number and in such a collapsed condition that any 
comparisons could not be considered reliable. 

In view of the absence of any descriptions fitting the species of Hel- 
minihosporium under study and the differences pointed out between it and 
H. maydis and H. zeicola, the two species it most closely resembles, a new 
species, H. carbonum n. sp. is proposed. The specific name is descriptive 


Pig. 3. A-C. Photomicrographs of spores of Helminthosporium maydis from three 
southern isolates. D-P. Photomicrographs of spores of H. carbomim. D and E, race I; 
P, race II. All photomicrographs are of spores eoileeted from infected seedlings of 
K61 X Pr. Exposures and printing time identical for all illustrations. All magnifications 
approximately x 230. 

of the distinct and characteristic charred appearance of ears of corn infected 
by the fiingns. 

EelmintJiosporium csbthomim Bp. iiQV. 

Oonidiis elongato-ellipsoicleiSj plerumque rectis vel rarissime leniter curvatis, olivaeeo- 
brunneis/ 25-100 x 7-18 p,, plus minusve circa 62,6 x 13.2 p,, 2— 12 septatis, hilo obscuro; 
conidioplioris solitariis vel in gregibus e stomatibus erumpentibus, 90-230 x 5-7 p, obscuro 
olivaceo -brunneis. 

Conidia 25-100 x 7-18 p, (means = 62.6 X 13.2 p,) widest in the center and tapering 
slightly toward rounded ends, straight or slightly curved, dark olivaceous brown, 2—12 
septate (mean = 7) with hilum, rather inconspicuous, and germinating by two polar germ 
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tubes. Coiiidiopliores arising singly or in small groups from the stomata, 90-230 x 5-7 p,, 
dark olivaceous-brown, bearing one to several coiiidia. 

Causing sx)ots on aerial parts of Zea mays L. in central United States. 

Type specimens deposited in the Arthur Herbarium, Purdue University, Lafayette, 
Indiana, and in the Mycologieal Collections of the Bureau of Plant Industry, Soils, and 
Agricultural Engineering, U. S. Department of Agriculture. 

The species is divided into two morphologically indistinguishable races, separable on 
the basis of symptoms produced and specialization in parasitism of one of these races 
toward certain inbred lines of corn, 

Bisirihution : On aerial parts of Zea mays L. race I found throughout central Corn 
Belt from Iowa to Ohio and from the Ohio Eiver to northern Indiana. Distribution de- 
pendent upon occurrence of susceptible inbred lines of corn. Eace II collected from Iowa 
to Ohio and from Tennessee to southern Wisconsin. 

Symptoms: Eace I: Lesions small, pale-green or yellowdsh in early infections. Fully 
developed lesions show zonate pattern, dry light brown centers, light to purplish-brown 
margins. Lesions range in size from hardly visible spots to those 5 x 20 mm. Fruiting of 
fungus abundant on leaf sheaths and husks under humid conditions. Ears infected 
through tips, shanks, or directly through husks. Diseased ears covered with black 
mycelium imparting a charred appearance. 

Eace II : Lesions in early stages not unlike those caused by race I. Fully developed 
lesions are elongated, irregular and up to 3x20 mm. in size; chocolate-brown in color, 
zonate pattern not as distinct as in lesions caused by race I. Eace II not highly special- 
ized in parasitism toward inbred lines of corn. Corn ears more frequently attacked by this 
race than leaves. Symptoms on ears no different than those caused by race I. 

DISCUSSION 

When Kelmintkosiwrium carbonum was first studied, it was identified as 
H. maydis because of its similarity to the latter in morphology and symptoms 
produced on the host. Further studies, in which viable cultures of H. 
maydis have been compared with those of II. carbonum y have brought out 
differences between them which are believed to justify specific separation. 
The ranges of spore length and spore width, which are common criteria 
employed in descriptions, are not indicative of morphological differences 
between the two species. The mean values, particularly of spore length, 
bring out striking differences between the two fungi. Other differences such 
as color and curvature of the spores, characters that are not amenable to 
easy comparison with descriptions in the literature, have been brought out 
on observation of viable material of these two species. 

Original isolations of Ilelminthosporium carbonum race I were made in 
1938 from the dent corn inbred line Pr. Since that time two additional 
inbred lines K61 and K44 have been found to be susceptible. Both of these 
lines arose from a common stock, the open-pollinated variety Pride of Saline. 
Single crosses between any two of the three known suscepts are readily^ in- 
fected with isolates obtained from the inbred lines, indicating that the single 
recessive gene governing susceptibility is identical in all three lines. The 
dominant allelomorph has been found present in all other lines tested. It 
appears very probable that with continued development of new inbred lines 
other susceptible lines will be found. Susceptibility may well he overlooked 
if the material is grown in an environment unfavorable for the development 
of the disease. This appears to be the situation with the inbred line Pr. 
This line originated in Iowa where the disease did not occur, and onty re- 
cently has the organism been recovered from specimens collected in that 
State. Obviously, if conditions there had favored the disease, the inbred line 
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would have been eliminated by either artificial or natural selection. After 
the line was brought to Indiana, in an environment as optimum for the 
disease as has occurred since 1938, susceptibility became apparent. 

Ilelminthospo'rmm carhomim race II was first observed in 1939 attacking 
the leaves of a pro|)rietary inbred line. Since that time no further occur- 
rence of leaf infection has been found in the field. Each year since that 
time a number of inbred lines have shown ear infections. The inbred line 
187-2 appears to be particularly susceptible to ear infection. In general 
this race is not nearly so virulent nor so highly specialized in parasitism 
as race I. 

During the five years that Relmmihosporiiim carhomim has been under 
observation no indication of an ascigerous stage has been found. Diseased 
host material held under various environments in the laboratory as well as . 
material subjected to the natural vicissitudes of field conditions have failed 
to produce a peritheeial form that could be associated with the parasite under 
study. Likewise, a search for hosts of the fungus other than corn, has, to 
date, yielded negative results. 

Original specimens of Helminthospormm may Ms supplied by Mr. George 
Y. Young and collected in Southern States during the summer of 1942 were 
placed in moist chambers in an attempt to initiate the development of the 
ascigerous stage, Cochlioholits heterostrophns. A few perithecia were pro- 
duced on some of the diseased specimens, but these did not reach full matur- 
ity, although held for fifty days in a humid atmosphere. The stage of 
development reached, however, was sufficient to make identification reason- 
ably certain. The asci containing long ascospores in typical helicoid ar- 
I’angement were clearly in evidence. 

SUMMARY 

Further studies are reported on a species of Helminthospormm attack- 
ing corn. This species, originally identified as H, maydis, is shown to be 
morphologically different from the latter. The differences in morphology 
brought out on comparison of viable cultures of both species, is based pri- 
marily on mean length, curvature, and color of the conidia. Differences 
between the species in symptoms on seedlings and specialization in para- 
sitism are point out. 

The binomial Helminthosporium carhomim Ullstriip is proposed; the 
specific term referring to the charred symptoms characteristic of corn ears 
infected by this fungus. 
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SEEDLING BLIGHT OP CASTOR BEAN, 
RICINUS COMMUNIS 


W.D.McClbllani 
(Accepted for publication September 9, 1943) 

Castor beans of the Conner variety planted in crocks of quartz sand in 
the greenhouses of the Plant Industry Station, Beltsville, Maryland, in 
the spring of 1942, showed a high percentage of disease at germination. The 
growing points of many of the diseased seedlings rotted before emergence. 


Pig. 1. Growth of Alternaria from castor beans of the Conner variety from IJrbana, 
111., 5 days after planting surface-sterilized seeds on agar. Natural size. 

or the seedlings were killed back soon thereafter. Frequently the hypocotyl 
rotted off just below the cotyledonary leaves. Other plants, although not 
killed back, suffered severe injury to the cotyledonary leaves. No spotting 
of the true leaves was observed, possibly because the humidity in the green- 
house did not favor such infection. Isolations from infected cotyledonary 
leaves and young shoots consistently yielded an Alternaria. 

1 Assistant Pathologist, Division of Pruit and Tegetable Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, Agricultural Eesearch Administra- 
tion, United States Department of Agriculture, Beltsville, Maryland. 
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Since the seeds had been planted in clean sand, it seemed likel}^ that 
the disease was seed-borne. Accordingly, isolations were made from surface- 
sterilized seed from the same source (seed of the Conner variety produced by 
the Department of Agronomy, University of Illinois, Urbana) and from 
other varieties produced there and at the Plant Industry Station, Beltsville, 
Maryland, as well as one variety from an unknown source (Table 1). The 
majority of the cultures were obtained from the caruncle (Pig. 1). In a 
few instances AUernaria also was found when the seed coat was broken open 
and the endosperm and embryo w^ere removed aseptically. Microscopic 
examination of seeds revealed the presence of mycelium throughout the 
caruncles but not elsewhere. 

Nine lots of seed were tested for infection b}^ culturing and b^^ planting in 
sterile white sand in the greenhouse. Seed from 5 of the 9 lots yielded 


TABLE 1 . — Isolation of AUernaria from castor bean seed in comparison with the 
occurrence of seedling necrosis in comparable lots of seeds. This seed was produced in 
1941 




^ Isolation from seeds 

Seedling necrosis 

Yariety 

Seed 

source 

No. of 
seeds 

No. of 
seeds 
yielding 
Alternaria 

No. of 
seeds 
planted 

No. of 
seed- 
lings 

No. of 
seed- 
lings 
with . 
necrosis 

Doughty No. 11 

Urbana 

25 

0 

12 

■12 

0 

IJ. S. No. 4 

t ( 

15 

0 




IT. S. No. 4 

Beltsville 

25 

0 

12 

11 

0 

Conner 

C ( 

25 

0 

12 

12 

0 

Conner 

Urbana 

95 

27 

12 

10 

10 

Kentucky No. 38 

( ( 

10 

4 

12 

9 

3 

IT. S. No. 7 1 

( t 

10 

3 

12 

12 

0 

Kansas Common 

1 1 

10 

5 

12 

12 

4 

Conner Improved 

Unknown 

20 

7 

12 

10 

0 


AUernaria on culturing. Seedlings grown from 3 of these 5 lots exhibited 
necrosis typical of injury by this species. On the other hand, seedlings 
grown from the 4 lots of seed that did not yield AUernaria in culture, did 
not exhibit Alternaria necrosis (Table 1). 

Seeds of the Conner variety produced both at Beltsville and at Urbana 
were planted in sterile quartz sand, sterile bank sand, sterile gravel, sterile 
soil, and nnsterile soil to determine whether the type of medium in which 
the seedlings were grown had any pronounced effect on the severity of the 
disease in the seedlings (Table 2). The disease appeared in a higher pro- 
portion of the seedlings grown in quartz sand and in gravel. 

In order to determine the effect of seed maturity on seed infection and 
whether seed infection could occur through inoculated capsules, green- 
house-produced seed of the Conner variety in 3 different stages of maturity, 
as well as mature Beltsville, field-produced, seed wTre used for inoculation 
tests. The stages of maturity were : (a) capsules very green and immature 
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TABLE 2,— -Comparative performance of AUernaria-infeoted (Urhana) and Alter- 
naria-free (Beltsville) castor lean seed of the Conner variety when grown in soil, sand, 
and gravel 


Medium 

Seed source 

No. seed 
planted 

No. seed- 
lings 

! No. seedlings 
with necrosis 

Sterile quartz sand 

Beltsville 

12 

11 

0 


Urbana 

12 

12 

9 

Sterile bank sand 

Beltsville 

12 

11 

0 


Urbana 

12 

12 

2 

Sterile gravel 

Beltsville 

12 

10 

0 


Urbana 

12 

8 

8 

Sterile soil 

Beltsville 

12 

12 

0 


Urbana 

12 

11 

1 

Unsterile soil 

Beltsville 

12 

11 

0 

i 

Urbana 

12 

12 

2 ■ 

Totals 

Beltsville 

60 

55 

0 


Urbana i 

60 

55 

22 


with the spines still pink and the seed and caruncles very succulent and easily 
injured; (b) capsules nearly mature, just beginning to turn brown, and a 
few of them beginning to split; (c) capsules mature, brown, and beginning 
to crack open, with spines very stiff and seed coats and caruncles very hard ; 
(d) mature field-produced, cut September 23, 1942, after a period of heavy 
rain and dried in a warm greenhouse until December 4, 1942. One-half of 
each of the lots was shelled and the other half was left in the capsules. The 
various lots were dipped in a suspension of spores and mycelium of one of the 
Alternaria isolates and then placed in moist chambers. After 3 days in the 
moist chambers mycelial growth was abundant on the seeds and capsules, and 
the lids w^ere removed and the seeds allowed to dry. Five days later the seeds 
that had been inoculated in the capsules were shelled out, washed in tap 
water, surface-sterilized, and planted on agar plates. Infection (Table 3) 
was present in seeds inoculated at all 4 stages of maturity. The appearance 


TABLE 3. — Mesults from inoculating seeds of the Conner variety of castor lean at 
various stages of mattirity, ly dipping the whole capsules or the shelled seeds in a suspen- 
sion of spores and mycelium of Alternaria 


Where 

produced 

State of 
maturity 

Treatment 

Condition 
when inocu- 
lated 

No. seeds 

No. seeds 
with 

Alternaria 

Greenhouse 

(a) Green 

. 

Inoculated 

Shelled 

26 

5 




In capsules 

28 

10 


(b) Partly 

Not inoculated 

Shelled 

46 

0 


mature 


In capsules 

52 

0 



1 Inoculated 

Shelled 

45 

5 




In capsules 

48 

18 


(c) Mature 

Inoculated 

Shelled 

50 

10 




In capsules 

48 

2 

Pield 

(d) Mature 

Not inoculated 

Shelled 

27 

1 




In capsules 

41 

1 



Inoculated 

Shelled 

27. 

0 




In eaxjsules 

48 

■ 5 . 
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of some Alternaria in the noninoculated field-produced seed suggests slight 
earlier infection of these seeds. Nearly all of the growth of Alternaria from 
the seeds was from the caruncles. Occasionally there was some growth from 
other parts of the seeds, particularly from injured seeds, which were common 
in the very young, succulent material. Mycelium w'as present throughout 
the caruncles of all of the young, succulent seeds and was abundant in the 
nucellus. The endosperm of these young seeds had shriveled so much that 
the seeds were very light weight. Whether this was due to infection by the 
Alternaria or to the removal of the spikes from the plants before maturity 
was not determined. In the more mature seeds the mycelium was not 
extensive in the caruncles, being confined largely to the outer cells. A 


Fig. 2. Castor bean seedlings of the Conner variety inoculated with a spore and 
mycelial suspension of Alternaria compacta at the time of emergence (right). Uninocu- 
lated seedlings (left). 

Fusarium was present in a large percentage of the caruncles of the field-pro- 
duced seed. 

The pathogenicity of the Alternaria isolated from castor-bean seeds 
was further established by pouring a suspension of spores and mycelium over 
seedlings just beginning to break through the surface of sterile quartz sand. 
Four of 12 seedlings so inoculated were dead 14 days after inoculation; 7 
others exhibited many mild to severe necrotic lesions (Fig. 2). Infection 
also occurred when plants 3 weeks old were sprayed with a spore and mycelial 
suspension and placed in a moist chamber for 4 days. Large areas of the 
inoculated leaves became water-soaked and flaccid (Fig. 3) and all were 
covered with numerous slightly zonate, dark-brown necrotic lesions ap- 
proximately one-fourth inch in diameter (Fig. 4). Many of the leaves 




is listed as causing a leaf spot on old plants of Bicinus in New York. Alter- 
naria species also have been reported as causing leaf spots on Bicinus in 
Brazil (2) and in India (3). Baldacei (1) isolated M. cavarae and an 
undetermined Fusarium from the apices of B. communis' seeds. He believed 
that the former causes a leaf spotting and attacks the apices of seeds (pre- 
sumably the caruncles), whereas the Fusarium was thought to produce 
lesions on the stems, inflorescences, capsules, and seed apices. 

Three species of Macrosporium have been described on Bicinus communis. 
Yoshii (10) described a pathogenic on castor bean leaves, 

which he named M. ricini. The spores are 42 to 78 \x long by 8.7 to 19.5 p 
wide with long (30-100 p), slender beaks, whereas the spores of the writer’s 
organism have no elongate beaks and are smaller (14.0-38.5 p x 7.0-19.5 p 
with a mean of 21.4 p x 10.8 p). Paris! (7) described M. canarae, which 


were shed, but no stem lesions were observed. Control plants sprayed 
with water only and placed in the moist chamber at the same time remained 
healthy. Similar but less numerous and smaller lesions were observed on 
more mature plants inoculated at the same time. 

Macrosporium leaf spots on Bicinus communis L. have been reported 
from Korea and Japan (10), from southern Russia (6, 8), and from Italy 
(1, 7). Tropova (8) observed losses up to 20 per cent in B. commimis 
plantings due to Macrosporium cavarae in the Don region of Russia in 1926, 
Reports of leaf spots caused hj Alter naria in Texas, Florida, and Louisiana 
have appeared in the Plant Disease Reporter (9), and Alternaria hrassicae 


Fio. 3. Foliage of 21-day-ol(i castor bean plants 4 days after inoculation with a 
spore and mycelial suspension of Alternaria. Healthy plants on the right. 
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produces round, brownish, slightly zoiiate leaf spots. She reports that the' 
cotyledons and first leaves of seedlings were attacked with considerable 
virulence but she did not report pre- or post-emergence killing of the seed- 
lings such as the writer has observed. The spores are described as being 
clavate, 34-40 jj x 10-13 jj, and having a “pedicel.” Eavenel collected a 
fungus that was fruiting on mature stems of castor beans at Houston, Texas, 
in 1869, and was later described by Cooke (4) as M. compactum. He states 


Young castor bean leaf 4 days after inoculation with Alternaria com- 


that the spores are obtuse and measure 20-30 p x 12-14 p. However, mea- 
surements of 12 spores from herbarium type material show a range of 
15.8-38.5 p X 7.0-17.5 p. This is in good agreement with measurements of 
spores from the writer’s isolates. Cooke made no mention of a leaf spot 
ill his brief description. On the other hand, the writer has not observed 
Alternaria fruiting on the stems of his material; but, because of the similar- 
ity in the measurements and the appearance of the spores, the writer’s 
organism is considered to be the same as the one described by Cooke as 
M. compactum. Because of the spore size and shape, M. compactum falls 
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into the Alternaria tenuis group of Elliott (5) and becomes A. compacta 
(Cooke) n. comb. Herbarium material of M, cavarae was not available 
for study, but it is thought to be also synonymous with A. compacta, since 
Parisi’s description of the symptoms on the foliage and seedlings is very 
similar to the writer’s observations on the disease described herein. The 
spore measurements she presents show M, cavarae as having slightly longer 
spores (34r-40 p), but this is not thought to be sufficient to warrant separa- 
tion from A, compacta. 

summary 

A seed-borne disease of castor beans caused by a species of Alternaria 
is described. It causes pre- and post-emergence damping-off and a seedling 
and foliage blight, and readily infects immature seeds. 

Three species of Macrosporium previously described on Bicinus com- 
munis are discussed and their descriptions compared with the writer’s iso- 
lates. The writer’s isolate is believed to be distinct from Macrosporium 
ricini Yoshii but identical with M. compactum Cooke and M, cavarae Parisi, 
which are here given the new designation Alternaria compacta (Cooke) n. 
comb. 
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EELATION OF SPORE DIMENSIONS TO THEIR RATE OF FALL 

W. A. McCubbin-i 
(A ccepted for publication August 14, 1943) 

The rate at whicli fungus spores fall through still air constitutes an 
important primary element in the understanding of the possibilities of their 
dissemination by the wind, both locally and over long distances. Long- 
distance travel of spores must be taken into special account in plant-quaran- 
tine activities, because successful intercontinental transport of spores via air 
drifts and prevailing winds might in some cases nullify attempts to exclude 
foreign diseases by the customary port-inspection methods. In the study 
here presented an attempt was made to establish from available information 
on the rate of spore fall in still air a relation to spore dimensions that will 
permit the probable rate of fall of aiiy spore to be determined with a fair 
approximation to accuracy. 

Any constant relation between spore dimensions and rate of fall is likely 
to be reached through the spore surface, since air friction, and consequently 
retardation, is largely dependent on the superficial area of the falling spore. 
Spore surface is obtained from the formula which becomes n(lxw) for 
oval or cylindrical spore types by substitution of the geometric mean diame- 
ter, \/lxWf for d. Since the value n is a constant, any correlation between 
rate of fall and spore surface must be sought through the variable (Ixw) 
or its equivalent d^. 

The actual rates of fall of the spores of some 20 fungi have been deter- 
mined experimentally,^' ^ and as the spore dimensions of these are also 
available the desired correlation can be attempted. Table 1 gives the deter- 
mined rates of fall for these 20 spore types together with spore dimensions 
and other derived values needed for correlation. If the (Ixw) values 
(microns) for these spores, and their rates of fall (mm. per sec.) are plotted 
independently on the same graph, each against spore diameters (microns), 
there are obtained two curve series of apparently similar type but not coinci- 
dent. To bring the (Ixw) values into a common position on the graph with 
the rate-of -fall series it is necessary to introduce a suitable constant. This 

constant is readily obtained by finding the average of the values — ; — , - 

rate of fall 

as determined for each spore. For reasons that will appear later the spore 
last listed in table 1, Helminthospormm sativum, was omitted from the calcu- 
lation; the average for the remaining 19 (Table 1) was found to be very 
close to 40 (39.67). 

In the graph in figure 1 the rate of fall for each of these 19 spores, ex- 
pressed in millimeters per second, has been plotted against spore diameters 

1 United States Department of Agriculture, Agricultural Eesearch Adnainistration^ 
Bureau of Entomology and Plant Quarantine, U. S. Dept. Agr., Washington, D. 0. 

2 Christensen, J. J., in Aerobiology, A.A.A.S., Pub. No. 17, 1942; p. 81. 

3 Buller, A. H. E., Eesearches on Fungi, 1905. 

McCubbin, W. A., Phytopath. 8: 35-36, 1918. 
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in microns. There has also been included a curve representing an arbitrary 
Z X 

series of tlie values or their equivalents, likewise plotted against 

spore diameters, the perpendicular scale thus serving to represent milli- 
meters per second for the rate-of-fall series and microns for the derived 
curve. It will be observed that there is a reasonably good coincidence be- 
tween this curve and the points representing the determined rate-of-fall 
values. Insofar, therefore, as this coincidence may be relied on to represent 


TABLE 1. — Spore dimensions, observed rates of fall, and values derived from these, 
used in preparing the graph {fig. 1) 


Fungns 

Spore 
dimensions 
(microns) 
il) (w) 

Product 
of spore 
dimensions 
(Ixw) 

Square 
root of 
product 

yixw 

Observed 
rate of 
fall (mm. 
per sec.) 
r 

Eatio 

(Z X w) r 

Collybia dryophila ... 

5.44 

3.23 

17.57 

4.192 

0.49 

35.86 

Pluteus cervinus 

5.95 

4.57 

27.19 

5.214 

0.67 

40.58 

Faxillus involutus ... 

7.48 

4.88 

36.50 

6.042 

1.10 

33.18 

PsalUota cam- 
pestris (field) 

7.26 

5.35 

38.84 

6.232 

1.06 

36.64 

PsalUota cam- 
pestris (bed) 

9.7 

5.80 

56.26 

7.500 

1.61 

34.94 

Marasmius oreades... 

9.5 

5.6 

53.20 

7.300 

1.34 

39.70 

Boletus badius 

12.8 

4.29 

54.91 

7.410 

1.09 

50.38 

Amanita rubescens... 

9.38 

6.53 

61.25 

7.826 

1.54 

39.77 

Galera tenera 

10.47 

6.06 

63.44 

7.965 

2.13 

29.79 

Mussula emetica 

8.82 

7.5 

66.15 

8.133 

1.64 

40.33 

Polyporus 
squamosus 

14.6 

5.13 

74.89 

8.654 

1.03 

72.72 

Ustilago zeae 

10.0 

9.0 

90.00 

9.487 

3.50 

25.71 

Coprinus eomatus 

12.55 

7.48 

93.87 

9.688 

3.96 

23.70 

Amanitopsis 
vaginata 

10.87 

10.87 

118.15 

10.870 

2.95 

40.05 

Coprinus pUcatilis ... 

12.9 

7.9 

101.91 

10.092 

4.29 

23.75 

Alternaria sp. 

20.0 

10.0 

200.00 

14.142 

3.00 

66.67 

Cronartium ribicola 

22.0 

19.0 

418.00 

20.445 

10.00 

41.80 

Puccinia graminis 
tritici 

28.0 

17.0 

476.00 

21.817 

12.00 

39.67 

Puccinia triticina .„ 

25.0 

20.0 

500.00 

22.361 

13.00 

38.46 

Eelminthosporium 
sativum 

75.0 

20.0 

1500.00 

38.730 

20.00 

75.00 


reality, a relation is established between simple spore dimensions and ob- 
served rates of fall, which may be used to predict the probable rate of fall 
of any spore in this type group, which includes spherical and oval spores as 
well as those of cylindrical shape with hemispherical ends. The formula 

expressing this relation is where Z is spore length in microns, w the 


breadth in microns, and r the rate of fall in millimeters per second. 

Spores of fusiform type cannot be incorporated directly into this simple 
formula series. In computing the surfaces of the two cones set base to base, 
which make up the simplest type of fusiform spore, one has to employ the 
slant side of the cone, a value that does* not vary directly with the spore 
dimensions Z and w. Moreover, some types of fusiform spores are not con- 
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strueted on the donble-cone pattern, but may be built on the model of a 
cylinder set between two cones, the length of the intercalated cylinder usu- 
ally having no fixed relation to the total spore length, 1. 

The surfaces of both types of fusiform spores can be readily calculated, 
however, and if it is assumed that falling rate here has the same relation to 
spore surface as in the ease of spherical, oval, or cylindrical spores, then one 
can easily obtain a formula to cover each case. 

w s 

For double-cone spores this formula is - = r, where w is spore width, 

s the slant side of one cone element, and r the rate of fall in millimeters per 



Fig. 1. Observed rates of fall (mm. per sec.) for the spores listed in table 1 are 
plotted against spore diameters (microns) to give the point series. For the curve, spore 

diameters, d, of a hypothetical series of spheaical spores are plotted against “ (microns) 


to indicate that the value of — in microns is closely comparable with the rate of fall in 
millimeters per second. 


second. In terms of the ordinary spore dimensions, I and Wj this becomes 

1 ^ 

80 


For most ordinary needs where the mathematical accuracy of this for- 


mula is not required, the simple formula 


I X w 
“ 80 "' 


: r will give an approximately 


I 


correct falling rate. It merely substitutes the axial cone length ~ for the 


slant side 5, on the assumption that in slender spores these values are so 
nearly identical that the error introduced by the substitution will be very 
small. 
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A more accurate empirical formula substitutes for s the axial cone lengtli 
plus a variable fraction expressed in terms of I and which thus gives a 
value approximately equal to s. This formula is : 



This formula is surprisingly accurate for spores in which the ratio of 
J to w is above 2 : 1. 

For fusiform spores consisting of two cones and an intercalated cylinder 

of the same axial length as each cone element^ that is, cylinder length the 

o 

mathematical formula for falling rate is : 


w 


V(IHf 


■^3 


40 


= r 


For the same spore type the empirical formula is : 

'21 


w 


3 81 


40 

And the simple approximate formula is : 


= r 


Ixw 

60 


For the general fusiform type of spore it is necessary to introduce 
another symbol, x = axial length of one cone, to obtain this formula : 


w 




w 


-\-l-2x 


40 

The corresponding empirical formula is : 

/ 

W{ l-‘X + — 

Sx 


40 


and the simple approximate formula 


w{l-x) 

40 


=zr 


It will now be apparent that the spores of Helminthosporium sativum 
were omitted from the initial calculation because they fall into another spore 
group from the present point of view, belonging somewhere in the fusiform 
types, which have somewhat different relations of surface to the dimensions 
I and w. If one considers that these spores come fairly close to the type 
represented by two cones and a central cylinder of about cone length, the 
calculated falling time would be 26 mm. per second, according to both the 
mathematical and empirical formulae and 25 mm. per second for the ap- 
proximate formula. The observed falling time was 20 mm. per second. 

In presenting this study of the relation between ordinary spore dimen- 
sions and their rate of fall, it is emphasized that no high degree of accuracy 
should be expected from the formulae given p they are derived from the 
average values of a scanty series of determinations; hence, the probability 
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of error is high. It is hoped that when additional spore-fall determinations 
are available a reeheck of these relations will bring something closer to 
reality. Also these formulae leave out of consideration the changing rela- 
tion of spore surface to spore volume among the members of a size series of 
spores. With size increase goes an increased volume per unit of spore sur- 
face, resulting in greater gravitational pull earthward in proportion to air 
resistance. Nor is it wise to overvalue the rate of spore fall that can thus 
be predicted. Other factors outside the scope of this prediction method, 
such as spore density, peculiarities of shape, and irregularities in surface 
configuration, introduce such great variations into the rate of fall that pre- 
diction may become in some eases uncertain or of diminished worth. One 
may be confident, however, that with all these shortcomings the rate of spore 
fall will always serve as a sound and orderly point of departure for esti- 
mating the possibilities of long-distance spread of pathogens in air currents. 
When these extremely slow rates of fall are contrasted with the relatively 
imposing velocities attained by wind movements or even by slight convection 
currents, it is apparent that the feeble tendency of fungus spores to drift 
earthward under the pull of gravity can have very little effect in preventing 
their dissemination in favorable air currents for very long distances over the 
earth’s surface. 

In closing it may be mentioned that this spore-fall problem should consti- 
tute an excellent student exercise, serving in simple fashion to present a 
concrete picture of spore movement in still air, and particularly to direct 
attention to the altered physical relations that obtain in the size plane of 
fungus spores. 


A TECHNIQUE FOR TESTING RESISTANCE OF COTTON SEED- 
LINGS TO THE ANGULAR LEAF SPOT BACTERIUM 

Eichaed WeINDLINOI 
(Accepted for publication August 30, 1943) 

In the course of pathogenicity tests with isolates of Phytomonas malva- 
.ceariim (E.P.S.) Bergey, the cause of angular leaf spot of cotton, indica- 
tions were obtained that seedlings might behave in a manner similar to 
mature plants with respect to varietal resistance against the organism. The 
technique presented here was developed to test this hypothesis. In prelimi- 
nary experiments inoculation of seed prior to planting proved far superior 
to seedling inoculation in furnishing varietal differentiation with respect to 
disease resistance. Similar results have been reported for bacterial blights 
of beans.^’^ 

It w^ould obviously be desirable to choose for such a study a series of 
varieties of known resistance. Unfortunately no critical field data were 
available, except the well-established evidence that varieties of Egyptian 
cotton, Gossypkim harladense L., are much more susceptible than varieties 
of upland cotton, G. hirsutum L. The materials used here were selected 
on the basis of two field trials conducted at Clemson, South Carolina, in 
1942. Plants of 20 varieties and lines were inoculated by spraying with 
bacterial suspensions according to the method of Knight.^ The following 
5 varieties® are representatives of the range of resistance exhibited by the 
20 varieties in the field: SxP Egyptian (extremely susceptible), Shafter 
Acala (highly susceptible), Rogers’ Aeala (moderately susceptible), Stone- 
ville 4r-5 (tolerant), and Stoneville 4~8 (resistant). Seed lots of these 5 
varieties were used with the method to be described. 

PBINCIPAL FEATURES OF THE METHOD 

1. Reaction is tested separately to ‘^external” and ^‘internal” inocula- 
tion of seed, by immersing them in bacterial suspensions for short and for 
long periods. 

2. Seedlings are grown for three weeks under conditions favorable for 
infection of cotyledons, i.e., abundant water supply and high temperature. 

1 Agent (Associate Pathologist), Division of Cotton and Other Piber Crops and Dis- 
eases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Ee- 
seareh Administration, U. S. Department of Agriculture, in cooperation with the South 
■Carolina Agricultural Experiment Station. 

2 Zaumeyer, W. J. The bacterial blight of beans caused by Bacterium pTiaseoU. 
U S. D. A. Tech. Bull. 186. 1930. 

3 stapp, 0. Verfahren zur Priifung von Bohnen (Phaseolus vulgaris) auf Resistenz 
gegen Pseudomonas medicaginis var. phaseolicola Burkh., den Erreger der Eettfleeken- 
krankheit. Angew. Bot. 15: 241--252. 1933. 

4 Knight, R. L., and T. W. Clouston. The genetics of black-arm resistance. Jour. 
■Genetics 38: 133-159. 1938. 

5 In order to simplify the discussion, varieties and lines are designated here as varie- 
ties. Por kindly supplying the seed lots thanks are due to C. 1. King, G. J. Harrison, 
C. H. Rogers, and D. M. Simpson. Stoneville 4-5 and 4-8 are lines obtained from Mr. 
iSimpson. The delinted seeds of the lots were free of seed-borne pathogens. 
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3. Relative disease rating is based on severity of lesions as well as on 
rapidity of their development. 


Procedure 

A suspension of a recent isolation of Phytomonas nialvacearum was pre- 
pared from a streak culture grown for 4 days on potato-dextrose agar in a 
Petri dish. The bacterial masses were suspended in 600 ec. of distilled 
water and filtered through 4 layers of cheesecloth. By means of dilution 
cultures the number of viable bacteria was estimated at 2.5 million per ec. 

Inoculation of seed was carried out by immersing them in the bacterial 
suspension, using 25 ec. for each sample of 60 acid-delinted seed. One 



Fio. 1. Cotyledons of cotton seedlings infected with Phytomonas malvacearum. 
Degrees of severity from left to right: control, slight, severe, very severe, practically 
destroyed. Last row at right is S X P Egyptian ; the others are Shafter Acala. Photo- 
graphed 6 days after the seeds were inoculated and planted. Natural size. 

sample of each variety was left in the suspension for 5 minutes, the other 
for 3 hours at 24-26^ C. The flasks were agitated at intervals. Finally, 
the suspensions were decanted and the seeds were dried on paper toweling. 

The seeds were placed between layers of paper toweling that were kept 
moist by standing in tumblers partly filled with water. This method is a 
modification of techniques described by Simpson, et aU A towel consisted 
of two thicknesses of paper and measured 13.5 x 34.0 cm. Twelve seeds were 
arranged on the moistened towel 2 cm. from one margin, leaving one-half 
of the towel free to be folded over them. The resulting rectangle of 13.5 

6 Simpson, D. M., et at Anatomical structure of the cottonseed coat as related to 
problems of germination. XJ. S. D. A. Tech, Bull. 734. 1940. 
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X 17.0 cm. was placed against tlie inner wall of a glass tumbler of 300 cc. 
volume. Tbe seeds were held by the toweling at the upper edge of the 
tumbler with the 2 cm. margin extending beyond the glass. The paper towel 
thus formed a wick during seed germination and allowed the roots to grow 
between the layers toward the bottom of the tumbler. A 10 xl5 cm. filing 
card was placed within the tumbler in order to hold the toweling appressed 
to the wall. 

No attempt was made to provide aseptic conditions. The towels were 
thoroughly moistened in distilled water, the excess water being removed by. 
pressure. At the beginning, 50 cc. of distilled water was poured into each 
tumbler; later, tap water was added when needed to keep the water level 
at l-l the height of the tumbler. 

The tumblers were kept for 4 days in incubator at 27-30° C. in a sat- 
urated atmosphere. On the fourth day the seed coats were removed to 
prevent development of mold on the towels ; when necessary the seedlings 
were arranged so that the cotyledons were just above the upper margin of 


TABLE 1 . — Factors for calculation of disease index of taUe S 


Group 

No. 

Symptoms of cotyledons 

Factor 

Severity 

Day after planting 

1 

Practically destroyed 

6th 

1.0 

2 

Very severe 

it 

0.9 

3 

Severe 

■ ' a 

0.8 

4 

Slight 

a 

0.6 

5 

Severe 

11th 

0.6 

6 

Slight 


0.4 

7 

{ ( 

16th 

0.2 

8 

ct 

21st 

0.1 

. 


the towel ; and the seedlings were thinned to 10 per tumbler, leaving 50 seed- 
lings of each sample in 5 tumblers. The tumblers were then moved to trays 
on a greenhouse bench. Air temperatures were held above 27° C. by a heat- 
ing cable with thermostatic control and below 35° C. by cheesecloth shades, 
which protected the tender seedlings from the mid-day sun. 

On the sixth day after planting, and subsequently at 5-day intervals, 
seedlings with lesions were removed from the tumblers and graded accord- 
ing to severity of symptoms (Fig. 1 and Table 1) . For the purpose of these 
experiments, the term lesion is used only for typical bacterial spots, dark- 
green in reflected light and translucent by transmitted light. Computation 
of the disease index for each sample of 50 seedlings is explained in tables 
1 and 2. The frequent removal of lesioned seedlings helped in suppressing 
secondary inoculation of seedlings from adjoining diseased cotyledons. In 
order further to preclude such spread, precautions were taken to prevent 
wetting of cotyledons. 

RESULTS AND DISCUSSION ^ 

It is evident from table 2 that the seedling data on relative varietal resis- 
tance to Phytomonas malvacearum Sigreed well with the field experiments. 
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Eesults of a second experiment checked those of the first one in all essential 
points* Pnrther tests with other varieties and lines have given similar re- 
sults. The data can thus be safely interpreted as meaning that, in general, 
varietal reaction of seedlings inoculated by the described method conforms 
with observations on varietal behavior of field plants. It would seem worth- 
while, therefore, to consider the technique from the standpoint of its possi- 
bilities as an aid in breeding cotton varieties for resistance to angular leaf 
spot. 

The advantages of the method are obvious: Saving in time and labor, 
ease and uniformity of inoculation, and possibility of controlling environ- 
mental factors. Details of the technique may be considerably simplified or 
adapted to the material under test. Planting the inoculated seed in pots 


TABLE 2. — Varietal reaction of cotton seedlings to angular leaf spot. Seed inocula- 
tion. Seedlings grown for days at 27-35° C. Varieties arranged from ’left to right in 
order of increasing disease resistance in the field 



Period of 
inoculation 

Varieties and lines 

SxP 

Egyptian 

Shatter 

Acala 

Rogers ’ 
Acala 

Stoneville 

4-5 

Stoneville 

4-8 

Percentage 

5 minutes 

100.0 

92.0 

48.0 

64.0 

18.0 

diseased 

3 hours 

100.0 

100.0 

86.0 

66.0 

28.0 

Disease 

5 minutes 

71.2 

42.2 

10.2 

21.0 

5.0 

indexa 

3 hours 

91.0 

56.4 

47.0 

22.2 

6.0 


a Calculation of disease index from a sample of 50 seedlings : The number of seedlings 
falling in each group of table 1 is multiplied by the corresponding factor. The sum of 
these products is doubled in order to make 100 the highest disease index possible for the 
50 seedlings. 

or tumblers with steamed sand was in use even before the more tedious 
paper-towel method. The latter was adopted because the individual seed- 
lings could be kept under close observation. This is important in the early 
stages of development when seedlings of very susceptible varieties are 
severely injured. Comparison of such varieties as SxP Egyptian and 
Shatter Acala is facilitated by a disease index, such as that of table 2. The 
more resistant varieties may be fairly well differentiated according to per- 
centage of seedlings affected by disease. 

A method of inoculating fuzzy seed by spraying with bacterial suspen- 
sion^ was tried and gave results similar to those reported here. For the 
purpose of these tests acid-delinted seed has the advantage of being practi- 
cally free of seed-borne pathogens. 

The use of 2 periods of inoculation (5 minutes and 3 hours) has distinct 
value for differentiating upland cottons with respect to varietal resistance 
(Table 2). When delinted seed is kept in the bacterial suspension for 3 
hours, the seeds swell sufficiently to allow the entrance of bacteria, corre- 
sponding to seed internally infected in the field before cotton is picked. 
Submerging the seed in the bacterial suspension for 5 minutes deposits bac- 
7 XJnpublished method, obtained from C. J. King. 
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teria on the seed coat in a manner simulating the natural condition of seed 
carrying inoculum externally. Attempts to replace the two procedures by 
a single one have not been promising. An intermediate inoculation period 
of 30 minutes did not always produce intermediate infection. The large 
variations in infection obtained from this treatment are probably due to 
variability in swelling of seed during the period of inoculation. 

The reaction of the two Stoneville lines differed from that of the other 
varieties. The lattor became more severely infected following the 3-hour 
inoculations than after the 5-minute exposure, while the Stoneville lines 
showed little or no differences. This behavior seemed so puzzling that, in 
repeating the experiment, the number of replications was doubled for 
Rogers’ Acala and Stoneville 4r-5. The results were consistent with those 
of table 2. A possible explanation was suggested by the frequent appear- 
ance of necrotic spots on Stoneville 4-8, when seed was inoculated for 3 
hours. Moreover, when seed of this line was kept in the inoculum for 24 
hours before planting, typical bacterial lesions were neither more severe nor 
more numerous than following the shorter exposures, but more necrotic spots 
developed. Perhaps, the Stoneville 4 lines possess a genetic factor of resis- 
tance that involves hypersensitivity of the cotyledons, causing the affected 
cells to die so rapidly that the parasite has little chance to produce the typi- 
cal lesions. 


SUMMARY 

A technique is described for testing resistance of cotton seedlings to the 
angular-leaf -spot bacterium. Seed was inoculated by immersing in suspen- 
sions of bacteria for short and lengthy intervals. Seedlings were grown for 
3 weeks at 27-35° C. In general, varietal reaction to the disease organism 
in these seedling tests conformed with that of field plants. The method 
offers possibilities as a rapid supplementary test in breeding varieties for 
resistance to the disease. For this purpose the technique may be adapted 
to the material under test by modifications, such as the use of sand culture 
in place of the paper-towel technique described here. 


A METHOD OP INDUCING BARK-SHELLING FOR TREATMENT 
OP CERTAIN TREE DISEASES 

H. S. I'A-wcETTi and L. C. Cochrans 
(Accepted for publication August 25, 1943) 

There are certain diseases of trees which aifect primarily the outer layers 
of bark and which may be treated in their early stages by eliminating these 
diseased parts. It is desirable to develop an easily applied method of accom- 
plishing this tissue elimination without too severe injury to the tree and 
without excessive cost in material and labor. 

For the past 20 years or more the senior writer has discussed with his 
associates and others the desirability of finding a substance that could be 
safely applied to the bark of citrus trees and would cause the outer half, 
or more, of the bark to shell off, thus to imitate the standard method of 
scraping the bark for treatment of citrus trees affected with psorosis (Cali- 
fornia scaly bark).^ The difficulty that arose was to find a substance that 
could be applied to bark of varying thicknesses and accomplish such shelling 
without causing severe injury where the bark was thin. It is believed that, 
with certain limitations and reservations, a method has been found for this 
treatment of citrus trees. The ideal substance sought is one that can be 
easily applied and will penetrate and kill rapidly only the outer bark tissue 
but one which would not penetrate and kill the cambium. This would allow 
the cambium to continue growth and generate new bark promptly. The old 
bark with its accompanying psorosis lesion would then dry and shell off. 
The advantage of this method over the standard scraping method would be 
the greatly reduced cost of labor and increased efficiency and ease of treat- 
ing crotches and irregular surfaces. 

Some experiments involving this method along with others were made as 
early as 1922,^ but the first trial of the more recent series of experiments 
with the present method was made at the Hancho Sespe, near Fillmore, Cali- 
fornia, in 1937. Dinitro-o-eyclohexylphenol at a concentration of 2 per cent 
by weight dissolved in dormant-spray oil was applied with a brush to psoro- 
sis bark lesions of two Valencia orange trees. After a few months slabs of 
bark shelled off, exposing newly-formed bark beneath. 

In May and June, 1939, a more extensive experiment® was carried out 
at the Los Alisos Eanch near El Toro, California, to compare this and other 
methods with the standard scraping treatment of psorosis bark lesions on 

1 Professor of plant pathology and plant pathologist in the Citrus Experiment Station, 
University of California. 

2 Senior plant pathologist, Bureau of Plant Industry, Soils and Agricultural Engi- 
neering, U. S. Department of Agriculture. 

3 Pawcett, H. S. Citrus diseases and their control. 656 pp. 187 figs. McGraw-Hill 
Book Company, New York, N. Y. 

4 In cooperation with M. B. Bounds, liquor eresolis eompositus was used at Azusa, 
California, and caused some bark shelling. 

6 This was started in cooperation with Paul Sloop and E. T. McEadden. Assistance 
was given by J. M. Wallace in this and subsequent experiments. 
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Yaleiicia trees. Dinitro-o-eycloliexylphenol (subsequently to be referred to 
as DNOCHP) at 2% dissolved in dormant-spray oil was brushed on the 
lesions of 10 trees, and 40 trees were given the standard scraping treatment. 


TABLE 1. — Degree of injury and of harh shelling from application of various solu- 
tions to 15-year-old Washington Navel and Valencia orange trees, 18 months after treat- 
ment 


Material 

Var. 

Trunk 

Limbs 

2 to i" aia. 

Limbs 

Less than 2^' 

In- 

jury 

Shell- 

ing 

In- 

jury 

Shell- 

ing 

In- 

jury 

Shell- 

ing 

Dormant spray oil alone 

Nav. 

Ob 

Oc 

Ob 

Oc 

Ob 

Oc 

Val. 

0 

0 

0 

0 

0 

0 

DNOCHPa in dormant- 

Nav. 

0 

0 

0 

0 

0 

0 

spray oil 

Val. 

0 

0 

0 

0 

0 

0 

1% DNOCHP in dormant- 

Nav. 

0 

1 

0 

0 

0 

0 

spray oil 

Val. 

0 

2 

0 

2 

M 

1 

DNOCHP in dormant- 

Nav. 

0 

1 

0 

1 

0 

0 

spray oil 

Val. 

0 

2 

0 

2 

SI. 

2 

1% DNOCHP in dormant- 

Nav. 

0 

3 

0 

2 

0 

1 

sjDray oil 

Val. 

0 

3 

0 

3 

Sev. 

1 

2% DNOCHP in dormant- 

Nav. 

0 

3 

0 

3 i 

M I 

3 

spray oil 

Val. 

0 

3 

0 

3 

Sev. 

1 

1% DNOCHP -f 2% glycerol 

Nav. 

0 

3 

0 

2 

0 

1 

mono-oleate in medium 

Val. 

0 

3 

0 

3 

M 

2 

grade citrus-spray oil 








2% DNOCHP 4-2% glycerol 

Nav. 

0 

3 

0 

3 

SI. 

3 

mono-oleate in medium 

Val. 

0 

3 

SI. 

3 

Sev. 

1 

grade citrus-spray oil 








2% DNOCHP + aluminum 

Nav. 

0 

3 

SI. 

3 

Sev. 

2 . 

stearate 4- 1 % glycerol 

Val. 

SI. 

3 

SI. 

3 

Sev. 

1 

mono-oleate in medium 








grade citrus-spray oil 








-|% Aluminum stearate in 

Nav. 

0 

3 

0 

3 

SI. 

3 

medium grade ctirus 

Val. 

0 

3 

SI. 

3 

Sev. 

0 

spray oil 








i% DNOCHP in medicinal 

Nav. 

0 

1 

0 

1 

0 

1 

grade white mineral oil 

Val. 

0 

2 

0 

1 

0 

1 

1% DNOCHP in medicinal 

Nav. 

0 

3 

0 

3 

0 

3 

grade white mineral oil 

Val. 

0 

3 

0 

3 

0 

2 

2% DNOCHP in medicinal 

Nav. 

0 

3 

0 

3 

0 

2 

grade white mineral oil 

Val. 

0 

3 

0 

3 

0 

3 

2% DNOCHP in kerosene 

Nav. 

0 

3 

0 

3 

0 

3‘. 

Val. 

SI. 

3 

SI. 

3 

0 

1 

'0.8% DNOCHP 4-2^% diamyl- 

Nav. 

0 

3 

0 

3 

0 

2 

phenol in kerosene 

Val. 

0 

3 

0 

3 

0 

2; 


a BNOCHP = dinitro-o-eyeloliexylplienol. 

A) 0=:no injury; sL, slight inj.; M, med. inj.; sev., severe inj. 

c 0 = no bark shelling; 1, slight bark shelling; 2, lued. but incomplete shell- 

ing; 3, complete or nearly complete shelling. 

Although some patches of cambium were killed in the chemically treated 
areas, especially on the limbs where the material was applied heavily, the 
results were essentially the same as were obtained earlier at the Eancha 
Sespe. 
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Tlie bark was painted not only over the lesions, but in a border of about 
6 in. above and below and about 3 in. on the sides of each lesion. After a 
few months slabs of bark including the lesions shelled off, and the cambium, 
with the exception of a few areas, had produced new^ bark under the treated 
areas. Although the 2% DNOCHP in dormant-spray oil w^as found on some 
trees to cause too much injury for safe general use, the eff*ects compared 
favorably, especially on the trunks, with those of the standard scraping 
method. Whenever the material was allowed to run down to the soil line 
and collect there, much injury resulted from death of the cambium. 

These favorable results, when precautions were taken in application, sug- 
gested the possibility of producing the desired bark-shelling without injui^y 
to the cambium by decreasing the concentration of the DNOCHP in the oil, 
or by using oils of other viscosities as carrier solvents, or by using other 
solute materials. An experiinent ^vas set up using 19 different solutions.® 
These were applied in November, 1941, each to one healthy Valencia and one 
healthy Washington Navel orange tree, 15 years of age, at the California 
Citrus Experiment Station. The materials were applied to a strip of bark 
extending from the ground line up the trunk and on to limbs varying in size 
from about 4 inches down to | inch in diameter. In April, 1942, the appli- 
cations were repeated on this same set of trees on portions of bark not treated 
the previous November. The results of fifteen of these tests for November, 
1941, are shown in table 1, 18 months after treatment. The manner of 
bark shelling in two of the above tests is shown in figure 1. The results of 
the April test were similar. Four of the materials that were used are not 
listed in table 1, since they caused no shelling of bark. These were 2% 
DNOCHP in cottonseed oil, 1% DNOCHP in boiled linseed oil, 1% 
DNOCHP in glycerine, and 1% DNOCHP in petroleum jelly. The first 
three caused neither injury nor shelling, the last caused a very slow injury 
without drying or shelling, even after 16 months. Table 1 indicates that 
under the conditions of these tests, DNOCHP in concentrations below about 
1% in doi*mant-spray oil is not effective in inducing good shelling of the 
bark. In concentrations higher than 1% it tends to cause some injury. 

Nine of the most promising of the original 19 materials, as well as kero- 
sene alone, were tried at the Azusa Foothill Ranch in May, 1942, on psorosis 
lesions of Washington Navel and Valencia orange trees. Five of these mate- 
rials were selected for a test in November, 1942.'^ 

Another test of the same 19 materials and of kerosene alone was made 
on psorosis lesions on Valencia orange trees at Rancho Sespe in July, 1942. 
With one exception, results w^ere similar to those on healthy bark at the 
Citrus Experiment Station, but more injury was caused by the stronger 
solutions ; kerosene alone caused no appreciable effect if not allowed to run 
down into the soil. Ten of the most promising of these materials were tried 
in another experiment at Rancho Sespe in October, 1942. Five of these and 

6 Acknowledgment is due Dr. A. M. Boyce, who from his experience with solvents for 
this eompoiind, helped to devise the formulas and had them prepared for the experiment. 

7 The senior writer was assisted by M. B. Bounds in this experiment. 
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five additional ones, with lower specific gravity oils as solvents, were tried 
in December, 1942.® The results of the applications of the most promising 
solutions, such as 1% DNOCHP in kerosene, in gasoline, or in white mineral 


Pig. 1. A. Normal bark of navel orange treated with 2% DNOCHP in kerosene. 
B. Normal bark of Yalencia orange treated with 2% DNOCHP in white mineral oik 
New bark can be seen where the old bark scales have fallen away. 

sThe Eancho Sespe, through Howard Pressey and T. A. Lombard, gave much assis- 
tance in carrying out these experiments. 
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oil, to bark containing psorosis lesions showed that the cambium under the 
lesion is somewhat more subject to injury than that under normal bark. 
Some of the cambium -within the lesion area is sometimes killed when none 
of that outside the lesion is destroyed. This takes place probably because 
new bark, developed in the sequence of the disease, is thinner in certain areas 
than normal bark. If the lesions are small, this result is not at all serious. 
It is also probable that use of two different strengths may be advisable, one 
for the trunk and larger limbs and the other for smaller limbs. In case of 
psorosis of citrus, however, it will not be advisable in any case to treat lesions 
on limbs much smaller than about 2 inches in diameter. Such limbs should 
be cut out instead of being treated. 

SUMMARY 

The results of these experiments indicate a promising chemical method 
for inducing bark-shelling with consequent production of new bark in psoro- 
sis lesions of orange trees. The advantages of such treatment over the 
bark-scraping method now in practice are obvious. This principle may have 
an aiDplication in the ease of other bark diseases where the causal agent can 
thus be removed or the disease impeded by scraping or bark scarification. 
It is postulated that the best carrier for the toxic agent for such purpose will 
prove to be one that is only partially miscible with water and will, there- 
fore, not too readily penetrate the bark and kill the cambium. 

The two preparations so far tested that show the most promise in pro- 
ducing bark-shelling and at the same time do not seriously injure the cam- 
bium when applied with a brush to Valencia and Washington Navel orange 
bark, are dinitro-o-eyelohexylphenol (DNOCHP) at a concentration of 
approximately 1% by weight dissolved in kerosene and the same material 
dissolved in medicinal grade white mineral oil. A few tests indicate that 
ordinary gasoline without tetra-ethyl lead may also be a good carrier for 
the DNOCHP but in warm, dry w^eather, it evaporates too rapidly. 

Lighter penetrants, carrying DNOCHP or other substances, are being 
tested. 


BOTEYTIS LEAF SPOT OF VETCH 


J . L . W E I M E E 

(Accepted for publication, August 4, 1943) 

INTRODUCTION 

In March, 1940, Mr. George E. Ritchey, Gaines-ville, Florida, sent the 
writer some Augusta vetch (Vicia angustifolm L.) plants having nmnerons 
red spots on leaflets, petioles, and steins. These spots differed somewhat 
from those caused by any disease with which the writer was familiar or 
found described in the literature at the time. Although Angnsta vetch 
grows wild in many parts of the South, it is used commercially only to a very 
limited extent, largely in Florida. Since this disease was evidentl}^ capable 
of doing considerable damage to Augusta vetch and possibly was potentially 
destructive to other vetch species of more commercial value, an investigation 
of its nature and cause has been made. 

SYMPTOMATOLOGY 

All aboveground parts, at least of young plants, are susceptible. On the 
leaflets the spots tend to be circular in outline but may be angular or irregu- 
lar, especially when they are restricted by the larger veins. There may be 
only one spot on a leaflet or spots may be so numerous that most of the tissue 
of the leaflet is involved. These lesions are characteristically small, often 
from i to | mm. in diameter, and seldom over 1 mm. unless formed by the 
coalescence of two or more adjacent spots, or their growth is diverted by 
contact with veins. Their color may vary, but, usually, it is a shade of dark- 
red approaching oxblood of Eidgway.^ The spot may be uniform in color 
or it may be ox-blood with a maroon border, or sometimes the border is 
claret-brown, mahogany-red, or chestnut, fading towards the center to light- 
brown, gray, or almost white. The spots may appear on either side of the 
leaflet and may or may not extend entirely through it. The affected areas 
are not excised but the leaflets are shed and a plant ma^^ be badly defoliated. 
On the stems and petioles the lesions are similar to those on the leaflets except 
they are commonly linear in shape, the longest axis being parallel to the cor- 
responding axis of the part attacked. Such lesions are usually from I to 1 
mm. wide and up to 2 to 3 mm. long, but may enlarge, becoming 1 cm. or 
more long. The spots may continue to enlarge and coalesce with nearby 
lesions, so that girdling and death may result, small petioles and tendrils 
most commonly being killed in this manner. Damage to the plant results 

1 Cooperative investigations between the Division of Forage Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Eeseareh Ad- 
ministration, United States Department of Agriculture and the Georgia Agricultural Ex- 
periment Station, Experiment, Georgia. Paper No. 117, Journal Series, Georgia Agricul- 
tural Experiment Station. 

2 Ridgway, Eobert. Color Standards and Color Nomenclature. 43 pp., 53 color 
plates. (Washington, 1912.) 
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from tlie girdling of the parts affected, but perhaps more generally from 
defoliation. Considerable defoliation may result when the spots are numer- 
ous, as they often are under natural conditions (Fig. 1, A). 



Fig. 1. Botrytis leaf spot of vetch. A. Naturally infected leaflets, leaf stalk, and 
tendril of Vieia angustifoUa from Gainesville, Fla. x6/7. B. Botrytis leaf spot on F. 
grandi flora resulting from inoculation. Two leaflets at the left are healthy. Upper and 
lower rows of leaflets show upper and lower surfaces, respectively, x 7/8. C. Botrytis 
lesions on leaflets, leaf stalks, stems, and tendrils of V. sativa (Alba) resulting from inocu- 
lation. About X 9/10. 
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ETIOLOGY 

Pathogenicity 

Isolations from the leaves received from Ritchey and from plants col- 
lected later by the writer showed the constant association of a Botrytis with 
these lesions. Inoenlations demonstrated that the typical symptoms could 
be reproduced at will. On January 22, 1942, young plants of Yicia angusti- 
folia grown in sterilized soil in the greenhouse were atomized with a suspen- 
sion of spores from a young pure-line culture of the fungus growing on 
potato-dextrose agar and were then held in a moist chamber for 48 hours. 
Comparable control plants atomized with water only were placed in the 
moist chamber along with those inoculated. At the end of 48 hours, when 
the plants were removed from the moist chamber, there were numerous 
water-soaked, slightly sunken spots present on some of the leaflets of the 
inoculated plants but none on those of the controls. Four days later the 
spots had taken on the red color characteristic of the Botrytis disease. The 
fungus was recovered from several of the leaflets. 

This experiment was repeated in much the same manner on November 24, 
1942, and the disease again reproduced. The typical lesions were apparent 
3 days after the inoculations were made. When lesions were very numerous, 
as along the margins or tips of the leaflets, the tissue was killed. The fungus 
was recovered from the lesions. 

In order to ascertain whether or not other species of vetch also were sus- 
ceptible to this disease, several species were grown in pots in the greenhouse 
and inoculated when the seedlings were about 6 to 10 inches tall. The fol- 
lowing species were included in the experiment: Vicia sativa L. (F.C. 29933, 
F.C. 16462, F.C. 18808, Selection 7, Willamette, and Alba), V, grandifiora 
Scop., V, atropnrpiirea Desf., and V. villosa Roth. V. angustifolia was 
included as a known susceptible species. One pot of each lot, containing 
about 25 seedlings, was atomized with water as a noninoculated control and 
placed in a large moist chamber. Another pot of each lot was atomized with 
a suspension of the fungus spores and likewise placed in the moist chamber. 
The inoculations were made on January 6, 1943, and the pots were held in 
the moist chamber for 48 hours. The temperature of the chamber ranged 
from 18° to 20° C. during this period. When removed from the moist cham- 
ber none of the noninoculated controls showed any signs of disease, but 
lesions were evident on many of the inoculated plants. Infection was ob- 
tained on all of the lots tested with the exception of V, villosa and V. atro- 
purpurea. The appearance of the lesions on the different species varied 
somewhat but were similar in most instances. The symptoms produced on 
V. grandifiora and V, sativa (Alba) are illustrated (Fig. 1, B and C). As 
shown in the figures, there was more tissue killed in Y. grandifiora leaflets 
than in those of Y. sativa (Alba) or of V, angustifolia. The lesions con- 
tinued to enlarge somewhat after the plants were removed from the moist 
chamber, but seldom reached over 1 mm. in diameter. Considerable defoli- 
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ation took place in some lots, but, for tbe most part, as is often the ease under 
natural conditions, the infection was not heavy. 

TAXONOMY 

The causal fiingns is easily isolated and grows well on all media tried. 
It does not, however, spornlate Avell on any of them. Usually fruiting is 
most abundant at the top of long slants. 

The mycelinm is abundant, white to grayish in mass, varying from colorless to slightly 
grayish to brownish under the microscope, 4-11 g in diameter and the branches often are 
constricted slightly where joining the parent liyplia. The conidiophores are simple or 
branched and commonly elongate forming several fruiting heads. They are the same color 
as the mycelium, or slightly darker brown, the ends are enlarged, globoid or elongate, each 
bearing several spores on short sterigmata. Conidia are gray in mass, singly colorless or 
grayish to brownish like the mycelium, obovate, pyriform, or elliptical in shape and 
13.7-25.2 X 8.4-15.8 a (av. 18.4 x 11.6 p) in size. Selerotia were seen in culture only and 
were white at first, soon turning black, irregular in outline, often rounded when viewed 
from above but more or less hemispherical, and 1-4 mm. in largest diameter. The perfect 
stage was not seen. 

There seems to be little doubt that this fungus belongs in the Botrytis 
emerea group. ^ 

DISCUSSION 

After this work was nearly completed a reference to what is probably the 
same or a very similar disease was found in a paper by AYilsoiP on the 
chocolate spot of broad bean. During his investigations he tested the patho- 
genicity of the chocolate spot fungus on a number of legumes, among them 
being Vicia sativa. This species of vetch became severelj^ infected as shown 
in his plate 17, figure 4. He does not describe the symptoms, however, hence 
it can only be assumed that they were identical with those of the same dis- 
ease on V. faba L. If this be the ease, presumably the color of the lesions 
was chocolate instead of the red characteristic of the disease of vetch studied 
by the writer. Wilson states further that in Great Britain vetch is reputed 
to suffer from chocolate spot, citing as authority the list of common names of 
British plant diseases.'^ The similarity between this disease of vetch and 
that of V. faba and the fact that Wilson found that several forms of Botrytis 
einerea caused chocolate spot of V. faba, suggested the desirability of testing 
the pathogenicity of the vetch form of B. einerea on V, /aba. This was done 
by inoculating several plants with spores from a culture of the Botrytis from 
Augusta vetch. Pour days after the inoculations were made red lesions, 
typical of the leaf spot on vetch, appeared on several Y, faba leaflets from 
some of which the fungus was recovered. The lesions w’-ere slightly darker 
in color on V. faba than on the vetch species. The fact that this form of 
B. einerea from vetch also attacked 7. faba is of interest in view of the fact 

3 This conclusion was confirmed by Prof. H. H. 'Wlietzel, Cornell University, Ithaca, 
N. Y., who kindly examined a culture of the fungus. ’ 

4 Wilson, A. B. The chocolate spot disease of beans {Vida faba L.) caused by Botry- 
tis dnereaV^m. Ann. Appl. Biol. 24(2) : 258-288. 1937. 

5 British Myeologieal Society. List of common names of British plant diseases. 

Ti*ans. Brit. Myeol. Soc. 14: 140-177. 1929. (The disease at that time was attributed to 

Manns and Taubenh.) 
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tliat Wilson found that many forms of B, cinerea were capable of causing 
chocolate spot of Y, fal)a. 

Having learned that the form of Botrytis cinerea from vetch would 
attack Yicia faha, an attempt was made to determine wdiether the form of 
Botrytis from lupine® w^oiild also attack vetch. A single inoculation experi- 
All 4 strains of Y. sativa^ namely Willamette, Selection 7, Alba, and F.C. 
18808, became infected. Purple vetch proved to be resistant, just as it was 
to the form of Botrytis from Augusta vetch. In this single test the form of 
Botrytis from lupine did not appehr to be quite so pathogenic to vetch as did 
the form originally from vetch ; although this may have no significance, since 
the environmental conditions and possibly other variable factors undoubt- 
edly were not identical. The fact that all 3 of these hosts, vetch^ lupine, and 
broad bean, are susceptible to these forms of Botrytis suggests that these 
crop plants should not be used in a rotation designed to control the Botrytis 
disease of any one of them. 

Since the original collection of this disease on Yicia angiistifolia was 
received from Gainesville, Florida, the same disease has been collected on 
this host and on Y, sativa at Quincy, Florida, and also on Y. sativa at 
Albany and Experiment, Georgia. Although the leaves were in some cases 
badly spotted the plants had made a good growth and the damage caused by 
the disease was slight. 

CONTROL 

Our knowledge of this disease indicates that for the present at least con- 
trol measures are not necessary. Eotation should be helpful in preventing 
the rapid accumulation of inoculum in the field. Inoculation experiments 
indicate that Smooth and Purple vetches are highly resistant to the disease. 
Yicia faiba and Lupimcs angnstifolms L. are susceptible, and, therefore, are 
not suitable for planting in a rotation designed to control this disease. 

SUMMARY 

A disease of vetch found in the Southeastern United States caused by a 
fungus of the Botrytis cinerea group is described. Small dark red spots are 
produced on the leaflets, stems, petioles, and tendrils of several species of 
the host. Yicia villosa and Y. atropurpurea appeared to be resistant, while 
all strains of Y. sativa tested, Y. angustifolia^ Y. grandiflora^ and Y. faia^ 
were susceptible. A form of B, cinerea from lupine also caused the leaf spot 
on vetch. 

Agricultural Experiment Station, 

Experiment, Georgia. 

6 Weimer, J. L. A Botrytis disease of lupines. Pliytopatli. 33: 319--323. 1943. 
ment was conducted, using the same methods as those described previously. 


INVASION OF WATER-SOAKED TOBACCO LEAVES BY 
BACTERIA, SOLUTIONS, AND TOBACCO- 
MOSAIC VIRUS^ 


Stephen Biachun, W. B. Valleaij, and E. M. Johnson 
(Accepted for publication August 23, 1943) 

Previous reports (1, 3, 5) have shown that water-soaking of tobacco 
leaves enables leaf -spot bacteria {Bacterium angulatum and Bact. tahacum) 
to enter the leaves. Apparently, invasion oecnrs by way of water channels, 
presumed to exist between the outer leaf surface and the intercelluar spaces, 
through stomatal openings. It is not known whether the bacteria enter the 
leaf by virtue of their own active motility, i.e.^ by ‘‘swimming,’’ or by action 
of some other force. Knowledge concerning this point is of interest in 
studies on overwintering of the leaf -spot bacteria in soil (4) and on roots 
(7). In the method used to determine whether the bacteria are present in 
soil or on roots, a water suspension of the material to be tested is placed on 
water-soaked leaves of living plants. If infection occurs, it is concluded 
that the pathogenic bacteria are present. However, if infection does not 
occur, it may mean that pathogenic bacteria are not present at all, or that 
they are present but in an inactive or noiimotile state in which they may 
not be able to gain entrance. Thus, it is necessary to know whether active 
motility is essential for leaf invasion. The object of this report is to present 
indirect evidence indicating that motility is not necessary for bacterial 
entrance into leaves. 

INVASION OP WATER-SOAKED TISSUE BY NONMOTILB BACTERIA 

If nonmotile bacteria can invade water-soaked leaves as readily as motile 
organisms, the implication is that active motility is not necessary, and per- 
haps that any bacteria may be able to enter leaves without having to swim 
in. The following test was made to determine whether nonmotile bacteria 
can invade water-soaked tobacco leaves. 

An area of a leaf was water-soaked by forcing a stream of water from a 
hypodermic syringe against the lower surface. A 24-hour beef -peptone-broth 
culture of Staphylococcus aureus diluted 1-10 with sterile water was 
poured on the lower surface of the water-soaked area. The area was marked, 
and, after water-soaking disappeared (30 minutes), was cut out, surface- 
sterilized 30 seconds in 1/1000 HgCU, and rinsed in 3 changes of sterile 
water. A disc was cut out with a sterile cork borer (7 mm. diameter), 
crushed in 10 cc. of melted potato-dextrose agar, and poured into a Petri 
plate. Five disc samples were thus tested. Within a few days thousands 
of colonies of Staph, auteus developed on each plate. In the same way, 5 
disc samples were tested from a non-water-soaked area of the same leaf 

1 The investigation reported in this paper is in connection with a project of the Ken- 
tucky Agricultural Experiment Station and is published by permission of the Bireetor. 
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inoculated witli Staph, aureus. Not a single colony of the organism ap- 
peared on the plates. 

Another area of the same leaf was water-soaked at the same time and 
inoculated with Bacterium angulatum. Sample discs were tested in the same 
way. Thousands of colonies developed on each plate prepared from tissue 
water-soaked when inoculated, while no bacteria were recovered from a non- 
water-soaked inoculated area. This test was repeated 3 times with similar 
results (Table 1). 

The cells of Staphylococcus aureus are believed to be nonmotile, while 
those of Bacterium angulatum are motile rods. This test shows that a motile 
organism has no advantage over a nonmotile organism in entering water- 
soaked leaf tissue. It does not prove that Bact. angulatum. enters without 
swimming, but suggests that it can do so. 


TABLE 1. — Becovery of motile and nonmotile hacteria {Bacterium angulatum and 
Staphylococcus aureus) from within tohacco leaves inoculated hy pouring ’bacterial sus- 
pension on water-soahed tissue 


Organism 

Leaf 

treatment 

Number 

samples 

tested 

Approximate number of colonies on agar 
from within crushed leaf samples 

38.5 mni.^ in area 



1 Test la 

Test 2 

Test 3 

Staph, aureus 

Water- 

soaked 

5 

5,000 to 20,000 

1,000 to 3,000 

20 to 100 

iC (C 

Non-water- 

soaked 

5 

0 

0 

0 

B. angulatum 

Water- 

soaked 

5 

2,000 to 10,000 

2,000 to 5,000 

150 to 800 

li u 

Non-water- 

soaked 

5 

0 

0 ! 

0 


a In Test 1 the 24-hour broth culture used as inoculum was diluted 1 to 10 with 
water; in Test 2 the dilution was 1 to 100; in Test 3 the dilution was 1 to 1000. 


entrance op INDIA INK INTO WATER-SOAKED LEAVES 

To determine whether nonliving particles can enter water-soaked leaf 
tissue, India ink was placed on water-soaked areas and adjacent non-water- 
soaked areas of the same leaf. Invariably the ink entered only the water- 
soaked areas, producing a blackening of the leaf, visible through both upper 
and lower surface, that could not be washed off. Entrance apparently was 
instantaneous, for, even when the ink was washed off immediately after 
being put on, blackening occurred. Examination of strips of lower epi- 
dermis showed accumulation of ink in the stomata. Free-hand sections 
of leaves showed ink to be confined principally to the surface of spongy 
cells. The ink in this condition apparently is not toxic to the cells. 

ENTRANCE OP SOLUTIONS INTO WATER-SOAKED LEAVES 

To determine whether solutions of toxic chemicals can enter water-soaked 
leaves, the following test was made. The left side of 3 leaves was water- 


252 


Phytopathology 


[VoL. 3 


soaked. A 1-1000 solution of HgCl 2 was poured onto the lower surface of 
both left and right sides, and the leaf was then rinsed with tap water. As 
the water-soaking disappeared, the tissues collapsed and soon became dry. 
In spots the entire thickness of the leaf was reduced to a thin parchment-like 
membrane; other regions of the water-soaked areas collapsed only on the 
lower surface, which then appeared rough and gray, while the upper surface 
remained normal. The degree of injury seemed to depend on whether the 
chemical injured the spongy cells only, or both spongy and palisade cells. 
This experiment was repeated several times with similar results. Similar 
injury was produced by CUSO 4 (1-100) and Bordeaux mixture (3-3-50) 
applied to water-soaked tissues. Injury in each case wms confined to the 
water-soaked areas. 

ENTRANCE OP TOBACCO MOSAIC VIRUS INTO WATER-SOAKED LEAVES 

Caldwell ( 2 ) has injected leaves of Nicotiana glutinosa with tomato 
aucuba-mosaic virus without producing infection. Johnson ( 6 ) has shown 


TABLE 2. — Eecovern of tobacco mosaic virus from within tohaeco leaves moeiilated 
hy placing infections leaf extract on water-soatked tissue 


Test 

Replication 

Number of necrotic spots produced on leaf of NN burley plant 

Rubbed with surface-sterile tissue from 

Water-soaked when 
in contact with 
virus, without 
further treatment 

Leaf water-soaked 
when in contact 
with virus 

Leaf not water- 
soaked when in 
contact with 
virus 

1 

1 

51 

9 

0 


2 

8 

0 1 

0 


1 

54 

0 ! 

0 


2 

58 

0 

0 

3 i 

1 

49 

0 

0 


2 

35 

0 

0 


that water-soaked leaves of an N. gUitinosa x N. tabacum hybrid do not be- 
come infected when sprayed with tobacco-mosaic virus. The following 
tests show that tobacco-mosaic virus placed on the surface of water-soaked 
leaves enters the leaves but does not cause infection. 

An interveinal area of a leaf of a Nicotiana dighita x N, tabacum hybrid 
containing the N factor was water-soaked, and immediately leaf extract 
from a mottled mosaic-diseased hurley plant was placed on the lower surface 
of this area. After the water-soaked condition disappeared (30 minutes), 
the area was tested to determine whether virus was present inside the leaf. 
The area was cut out, washed in concentrated trisodium phosphate 60 sec- 
onds to destroy virus on the outer surface, rinsed in running tap water, 
crushed, and rubbed on another leaf of the same plant Three days later 
numerous necrotic spots were present on the rubbed area. A non- water- 
soaked area, on which infectious juice was placed at the same time, was 
cut out, washed in trisodium phosphate, rinsed, crushed, and rubbed onto 
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a leaf. It produced no necrotic spots, showing that virus particles were not 
carried on the leaf surface. 

Infectious juice was placed on a similar water-soaked area without fur- 
ther treatment. Infection did not occur. These tests show that tobacco- 
mosaic virus can enter leaves through stomata of water-soaked areas without 
producing infection. * 

Each test was performed in duplicate, and repeated 3 times (Table 2) . 

CONCLUSION 

The tests reported in this paper show that nomnotile bacteria, as well 
as virus, non-living particles (India ink), and solutions, can enter water- 
soaked leaves. Pathogenic leaf-spot bacteria need not be motile or free- 
swimming to invade leaves. 

The fact that chemicals can enter water-soaked tissue and cause injury 
suggests the possibility that naturally induced water-soaking may play a 
part in the occurrence of spray injury. 
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PHYTOPATHOLOGICAL NOTES 

Use of Liquid CtiUure of Fusarium for Field Inoculation of Cotton.— 
Field testing of cotton breeding material for resistance to Fusarium vasin- 
feetum bas been handicapped by difficulty in obtaining uniform infection. 
Attempts to build up natural infestation in field soils by the addition of 
artificial cultures, on solid media such as oats, corn meal, etc., and infected 
cotton stalks have been laborious, cumbersome and not entirely successful. 

Prom infection results in greenhouse tests obtained with liquid inoculum 
with the blackroot-rot organism by Allison and with Fusarium wilt of cotton 
by Tharp and by Sherbakoff, it seemed likely that liquid inoculum also might 
be employed successfully in the field. In the method employed by the senior 
writer in greenhouse tests at Knoxville, the liquid inoculum was introduced 
easily and effectively through deep holes in the sand, close to the plant roots. 
The following adaptation of the method was employed in the field at Knox- 
ville in 1942. 

The inoculum was prepared as follows : The fungus was cultured on thin 
layers of agar in standard Petri plates. Several days later small circular 
discs of about 3 mm. diameter of the growth were cut out and placed on the 
wet inside surface of a 500-cc. Erlenmeyer flask containing 300 ec. of nutri- 
ent solution,^ spore side to the glass. This was for the purpose of washing 
out most of the spores into the liquid, and afterwards the discs were washed 
down into the flasks. For a two-day period the inoculated flasks were 
thoroughly shaken every 3 or 4 hours during the day time, and were then 
used for inoculating an unsterilized solution composed of 1 part of table 
syrup to 100 parts of water at the rate of 1 flask (300 cc.) to 3 gal. of the 
sweetened water. The bulk culture was prepared in a barrel. During the 
preparation of the liquid cultures in the flasks and in the barrel a tempera- 
ture of about 80° F. -was maintained. The culture in the barrel was stirred 
frequently and at the end of 48 hours was ready for use. 

The cotton under test was planted in the field June 22, in hills of 5 seeds 
each, around a wooden peg 1" x 1" x 10", set about 4" deep in the ground. 
On July 15, when the plants were about 2 weeks old, the pegs were removed 
and one-half pint of the inoculum was poured into the hole. The hole was 
then refilled with soil. The soil is classified as Decatur silt loam, usually 
considered unfavorable for the development of wilt. 

Observations of the amount of wilt were made at frequent intervals. At 
the end of the growing season the amount of internal discoloration was deter- 
mined by cutting the stalks. Results of field inoculation of 23 varieties or 
strains of cotton are given in table 1. Among these varieties wilt infection 
varied from 0 to more than 50 per cent. The behavior of the cheek varieties, 

1 Each liter of nutrient solution contained : 

10 grams — Sugar 
5 grams — Magnesium sulphate 
1 gram — Potassium phosphate 
1 gram — Ammonium nitrate 
. 254 
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Cook 307, Coker Wilt 100, Seabrook #10 (Sea Island), and Half and Half, 
closely approximates tbe expected response, based upon preTious inoculation 
trials in tbe greenhouse and on common field experience. 

Although experience with this method has been limited, it does seem to 
have real promise for field tests. The cost of the culture medium is negligi- 
ble, and very little time is required in preparation of the inoculum and in 
making the field inoculations. Eesults indicate that the method gives a 
reliable measure of the resistance of the cottons to fusarium wilt.— C. D. 
Shkebakopp, Paul R. Millee and D. M. Simpson, Tennessee Agricultural 
Experiment Station, Knoxville, Tenn. 


Nicotine Fumigation Injury in Biloxi Soybean ? — The leaves of Biloxi 
soybean plants, which were used in a series of photoperiodie studies over a 



Fig. 1. Nicotine fumigation (right) causes severe and permanent chlorosis in the 
leaves of Biloxi soybean. 


period of several years, frequently exhibited a severe permanent chlorosis, 
which appeared at the leaf margins and interveinally, occurring at all seasons 
of the year. Occasionally the injury was so severe that it was necessary to 
discard the plant material. The plants were grown in a greenhouse in sub- 
irrigation nutrient-solution culture, and it was thought at first that a nutri- 
tional unbalance or that unfavorable temperature conditions might be re- 
sponsible for the symptoms. However, variations in nutrition and varia- 
tions over a wide range of air and root temperatures failed either to produce 
the symptoms or to cause them to disappear. Finally, it was noticed that 
the chlorosis invariably followed nicotine fumigation. Therefore, the fol- 
lowing investigation was made. 

1 Journal Paper No. 121 of the Purdue University Agricultural Experiment Station. 
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Test plantings were made in each of two greenhouse units. In one unit, 
the house was fumigated with a pressure funiigator, using a nicotine fumi- 
gant, containing not less than 14 per cent of nicotine, at the rate of one 
pound per 20,000 cubic feet of air space. Care was taken to make certain 
that the fumigant was not ejected directly on the plants. The ventilators 
were opened at the end of 3 hours, but the fumigation was done with outside- 
air temperature above freezing so that most of the fumigant escaped through 
the imperfectly sealed glass before the end of the fumigation period. No 
fumigation was done in the second greenhouse unit. 

Within 24 hours after the treatment, the fumigated plants began 
to show marginal chlorosis on the young unfolding leaves and in about 
4 days the typical marginal and interveinal chlorosis was manifest (Pig. 1). 
The photograph was taken 30 days after fumigation. The rapidity of de- 
velopment of the symptoms depended on the rate of growth. Where rapid 
growth occurred, the symptoms appeared more quickly. The injury was 
confined largely to the young, developing leaves. Those within the bud 
showed little injury. If the older leaves were damaged, the chlorosis usu- 
ally was not so severe in them and the injured leaf tissue became brown and 
necrotic, usually in 10 days to 2 weeks. Subsequent fumigations made with- 
out the use of the pressure fumigator have resulted in injury similar to that 
described above. 

While the writers have assumed that the injury is due to nicotine, it is 
entirely possible that it w^as caused by products derived from combustion 
accelerators or to other products of the fumigant. — ^Auice P. Withrow and 
J. P. Biebel, Department of Horticulture, Purdue University, West Lafay- 
ette, Indiana. 

Cercospora Fruit and Leaf Spot of Olive , — ^In May, 1941, a growler in 
Solano County, California, called our attention to olive fruits that had 
remained on the trees during the winter without normal blackening over the 
entire surface. The stem half of the fruits had remained green, except for 
scattered purple spots. Stained radial sections through these spots revealed 
that the tissues beneath were heavily infected by very small hyphae that 
grew between the host cells, but did not enter the cells and did not kill them. 

In November, 1941, W. T. Horne and I. J. Condit sent us olive fruits 
from Southern California that showed similar purple spots on green fruits 
(Pig. 1, A). Sections and cultures from these fruits revealed the same 
fungus observed in the olives from Solano County. 

The fungus is very slow-growing in culture (Fig. 1, B) and may, there- 
fore, not be detected by the usual isolation technique. After the fungus has 
been in culture for some time it produces small pycnidiumlike structures 
(Pig. 1, G, a) containing minute unicellular spores, which we have not been 
able to germinate. It appears probable that these spores may be spermatia 
(Pig. 1, C, b). Multiseptate conidia are later produced in culture. 

Infections on leaves may not be detected unless a careful search is made. 
They result in the formation of indistinct darkened areas on the lower sur- 
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laee or me leaves and may cause early drop of inf ected leaves, Tlie f 
feet fructifications of this fungus have been observed on the discolored 
on overripe fruits (Pig. 1, D) and growing from stomata on the low 
face of leaves. The r* ' - 

in agar cultures, but are slightly shorter when 


imper- 
J spots 

. ., 'er sur- 

spores are similar to the multiseptate eonidia produced 

„ „ 1 growing on the host. 


Fig. 1. A. Symptoms of Cercospora infeetions 
Mlomes of fungus on potato-dextrose agar. 0 E 
D. Section through overripe oUve fruit showing confdTarS' 

The size and septation of the spores i ' " 
dadosporioides Sacc. reported by Saceardo on olive leaves 
Algeria. It, therefore, appears probable that we 

species described by Saceardo. 


on olive fruits. B. i'ourteen-day-old 
' (a) and spermatia (b). 

- breaking through the cuticle. 

are similar to those of OcTcospoTo, 

s in Italy and 

are dealing with the same 
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In California this fungus has caused significant damage to fruits that 
are to be i3ickled as green olives. R. H. Vaughn of the Fruit Products Divi- 
sion, University of California, has found that infected fruits show the dis- 
colored spots after pickling and must be discarded. However, infected 
fruits are satisfactory for pickling as ripe olives. After the ripe-olive 
pickling process the infected, as well as the uninfected, portions of the fruits 
assume the same desired dark color. The flavor and texture of the fruits are 
apparently not impaired by the fungus, and no evidence of toxicity has been 
noted by individuals who have eaten large quantities of the ripe pickled 
fruit. — H. N. Hansen and T. B. Rawlins, Division of Plant Pathology, Uni- 
versity of California, Berkeley, California. 

New Strain of Agrohacterium ruM from Boysenberry. — The first serious 
outbreak of cane gall on boysenberry, Bubus ursinus var. loganobaccusf- 
thus far noted by the -writer occurred in a planting near Auburn, New York, 
in the spring of 1942. The cultures obtained from these galls (Pig. 1, A) 
.were studied bacteriologically and appeared identical in growth character, 
morphology, and physiology to those previously reported by the writer^ and 
to those isolated about the same time as the above from black raspberry, B. 
occidentalis L., collected in a local garden. 

Pathogenicity tests with cultures from both sources made into new black 
raspberry canes in midsummer all behaved similarly in inducing galls at the 
points of inoculation. When the galls thus induced on the new canes were 
removed by pruning the canes at variable distances below the position of 
the galls in late October, new galls appeared on the majority of canes the 
following season. These galls occurred in cases where the pruning cuts had 
been made as much as 8 to 12 inches below the gall. This is positive evidence 
that the cane-gall organism was able to migrate through first-year canes late 
in the season as they approach dormancy. 

In making a comparative study with two other cell-stimulating organ- 
isms, Agrobacterium tumefaciens^ and A. rhizogenes, on Bonny Best tomato, 
Cumberland black raspberry, and Kalanchoe daigremontiana, it was dis- 
covered that on wound inoculation the boysenberry strains, but not those 
from black raspberry, stimulated tiny galls (2 mm.) on Kalanchoe (Pig. 
1, B) within 1 month. Eeisolations demonstrated the presence of a patho- 
gen identical to the original in the tiny galls. Excision of the tiny galls 
resulted in the reappearance of galls at the original sites of inoculation 

1 Bailey, L. H. Species Batorum. The genus Bubus in North America. G-entes Her- 
harum. 5(1): 1-64. 1941. 

2 HiLDEBKAND, E. M. Cane gall of brambles caused by n. sp. Jour. 

Agr. Bes. [U.S.] 61: 685-696. 1940. 

3 The taxonomy of the cell-stimulating pathogens, of which FJiytomonas tumefaciem 
(Sm. and Town.) Bergey et al. is the type species, has been recently changed by Conn 
(Conn, H. J. Validity of the genus Alcaligenes. Jour. Bact. 44: 353-360. 1942) to 
±)iQ new geiLUS Agrolacteriu'd. This designation for the cane gall organism, AgrohaO’ 
terium ruU, was first used by Starr and Weiss (Starr, M., and J. B. Weiss. Growth of 
-phytopathogenic bacteria in a synthetic asparagin medium. Phytopath. 33: 314-318, 
1943. 



Fio. 1. A* Symptoms of cane gall, occurring naturally on boysenberry and completely 
involving a section of stem about 1 foot long, x B. Tiny galls induced on Kalanehoe 
by a boysenberry strain of cane gall organism 5 months after inoculation. The two lower 
galls were excised a little over a month before the photograph was made and were replaced 
by the galls shown. x|. 


of inducing tiny galls on Kalanehoe, they apparently represent a new patho- 
genetic strain, which extends the host range of this organism beyond the 
genus Enins. — N. Hildebrand, Cornell University, Ithaca, N. Y. 




BOOK REVIEW 


Dodge^ Bernard O., and Harold W. Rickett. Diseases and Pests of Ornamental Plants. 

xi + 638 p. illus. (figures not serially numbered) . The Jaques Cattell Press, Lancas- 
ter, Pa. 1943. $6.50. 

Although several experiment station bulletins dealing in general with the diseases and 
pests of ornamental plants have been issued in the United States in recent years, and 
although limited parts of this field, esi^ecially that of ornamental trees and shrubs, have 
been covered in at least two commendable manuals, the book under review is the first to 
attempt the whole range of ornamentals and to cover all manner of ailments and pests. 
Since the subject matter of the ornamental plant field is so heterogeneous — some one some- 
where probably has regarded almost every kind of xolant that grows as having decorative 
value — the task of compiling the relevant disease and pest information is truly formidable. 
When to this difficulty is added that of an extreme disparity in the value attaching to the 
currency that circulates in this realm — some of it sound and much of it otherwise, because 
fioriculturally-minded persons, although voluminous writers, have not been until recently 
very scientific — it follows that standards of thoroughness and accuracy to be expected in 
books dealing with the pathology of economic crops cannot yet be demanded here. 

This book may be appraised for (1) its value as a handbook for gardeners whether 
amateur or commercial, and (2) as a reference book for professional plant pathologists 
(including entomologists ! ) . Por amateur gardeners it brings together in convenient form 
a large amount of information that is otherwise inaccessible or is widely scattered in bul- 
letins, periodicals, and other books. The subject of disease and pest control is presented 
with thoroughness and on the whole with up-to-date information, reflecting the senior 
author ’s experience with a wide variety of plants under garden and greenhouse conditions. 
SomeAvhat less familiarity is indicated with the pathological x^^oblems of commercial cul- 
ture of certain ornamentals, flowering bulbs for example, in the statements, p. 424 et seq. 
(1) that basal rot is not serious on the trumpet type of narcissus, whereas it is by far the 
most important disease of commercial narcissus culture, consisting largely of trumpet 
types, in this country; (2) in the recommendations of long soaking treatments for the 
control of basal rot, whereas commercial growers have found only short dip treatments 
(which are not mentioned at all) to be practicable; (3) the vector of narcissus mosaic is 
not knowm, whereas a number of aphid species have been shown to transmit this virus. 
Other cases in point are omission of the highly injurious pests of Gertera, the cyclamen 
and bulb mites under greenhouse culture, and root knot in both greenhouse and nursery 
plantings; in omission of all reference to the Heteroceras s]>ot of cultivated Nymphaea; 
the statement that Sclerotncm rolfsii is not reported on tulips in America, whereas this 
fungus, or its form 8. delpMniiy causes an important field disease of commercial tulip 
culture in both Long Island and North Carolina. 

Professional workers in this field will find the assemblage of pathological and ento- 
mological information very useful, although there are some important omissions, and other 
items are included apparently on the sole basis of their mention in European literature 
without reference to their occurrence or importance here. — Ereeman Weiss, U. S. Bureau 
of Plant Industry Station, Beltsville, Maryland. 
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FUNGI FOE PENICILLIN PEODUCTION 

A project is being organized at the University of Minnesota Agricultural 
Experiment Station, Division of Plant Pathology on Botany, to survey Peni- 
cillia belonging to the Penicillmm notahmi group and also species ot Asper- 
gillus for the production of penicillin. The project is under the super- 
vision of Dr. E. C. Stakeman. Cultures of organisms are desired, and indi- 
viduals are requested to forward isolations of the groups of fungi mentioned 
to the laboratory indicated. Isolations known to produce penicillin are 
especially desired. 

Individuals who wish to survey other fungi for penicillin activity can 
obtain directions for a standard technique from the United States Depart- 
ment Agriculture, Eegional Laboratory at Peoria, Illinois. 

Albert L. Elder 
War Production Board 
Coordinator of Penicillin Program 
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A VASCULAR DISEASE OF GLADIOLUS CAUSED BY FUSARIUM 

Lucia McGullochi 
(Accepted for publication July 17, 1943) 

INTRODUCTION 

A Fiisariiim disease of gladiolus commonly known as yellows, wilt, or 
core rot, scarcely known and certainly not serious in 1920, lias now spread 
to most if not all prodneing regions in the United States and is generally 
considered the most serious disease of gladiolus. The Pusarinm wilt disease, 
deep seated in the interior of the cornis, easily escapes notice. Since symp- 
toms become visible at the surface of the conn only in advanced stages of 
the disease, infected conns are often shipped and planted without any sus- 
picion of their condition. 

The present publication is based upon 18 ymars of investigation of various 
phases of the disease. 

HISTORY OF THE DISEASE 

In 1923 a large number of gladiolus conns of the Nanus type (Bride, 
Blushing Bride, Peach Blossom, Ruby, Rosy Gem, San Mateo, and others) 
were received from two localities in California. Although the corms were 
clean, bright, and normal in exterior appearance, they showed on cutting 
90 per cent interior rot (Fig. 1, A, B). The rot varied from a slight dis- 
coloration in the basal sear to browning of the entire core and radiating 
fibro-vascular strands. From these corms a Fiisariiim was isolated. From 
later shipments from the same localities the same Fusarium, was consis- 
tently isolated, and inoculation experiments proved that this organism was 
capable of producing an internal rot of Nanus varieties and similar symp- 
toms in the Primulinus and Grandiflorus types. 

In the following year, Nanus, Primulinus, and Grandiflorus types of 
gladiolus affected with the same vascular necrosis were received from several 
western areas and in 1925 and 1926 similar specimens came from States as 
widely separated as North Dakota, Mississippi, and New Jersey. The prog- 
ress of the disease seemed definitely from the West with prevalence increas- 
ing each season. Two of the California growlers stated in 1923 that for 
several years they had imported stock from Holland. In 1926 the writer 
found the disease in the variety Odin in a shipment from Holland. Again in 
1927 in another shipment from Holland the variety Odin and a Nanus type, 
Bride, had typical symptoms of the disease. From all of these specimens 
the usual Ficsarmm was isolated. 

In the literature there are numerous references to Fusarium diseases of 
gladiolus but with descriptions not always sufficient for identification. The 
earliest reference found by the writer that seems to describe the disease 

1 Formerly associate pathologist, Division of Fruit and Tegetable Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Ad- 
ministration, United States Department of Agriculture. 
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Fig. 1 . Vascular infeetion of gladiolus corms. A. Nanus varieties: longitudinal and 
tensverse sections and exterior of NM.s'an?m-infeeted conns from California in 1923. 

a, Longitudinal; &, transverse sections of a conn from storage in midwinter ; c base 
'Of an infected, conn; d~f, transverse sections of c at difeerent levels. 0, a and &, Exten- 
sion of infection from the parent conn into the new conn; c, healthy conn; d, slightly 
infected cylinder; e, nearly half of vascular cylinder infected; f, entire cylinder infected 
JJ. Aerial corms collected in October on current growth. All x i natural size. 
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clearly is a note by a California grower, W. A. Pryal (18), who described 
an interior corm rot and leaf yellowing of gladiolus in 1909. Massey, in 
1922 (7), published a brief note, and, in 1926 (8), a full description of a 
Fnsarinm decay of gladiolus conns. Van Poeteren (25) reported the vascu- 
lar disease as present in Holland as early as 1925. A dry rot of gladiolus 
caused by Fitsarmm 'was reported from England in 1927 (2) , and a vascular 
Fusarium disease in 1939 (13). The vascular type was reported from Cali- 
fornia in 1927 (20). Later accounts of the vascular disease are found in 
reports by Bellard (3), Diniock (4), Nelson (14, 15, 16, 17), the writer (9, 
11), and others (1). 

SYMPTOMS 
Leaf Symptoms 

In infected Nanus gladiolus, apparently normal plants suddenly wilt or 
turn yellow and die prematurely. In the larger types of gladiolus the stout 
leaves do not wilt easily and wilting is less noticeable, often absent. The 
falling over of the whole plant is due more to destruction of tissues at or near 
the ground level than to wilting from lack of water. 

When infected stock is planted, the more seriously diseased conns rot, 
without sprouting, or produce feeble shoots that soon die. Slightly infected 
conns often grow fairly well, some even producing a new corm. When 
healthy stock is planted in infested soil, all or most of the conns germinate 
and the plants for a time appear normal but soon show stunting and loss of 
color. With either infected stock or infested soil the end results of stunt- 
ing, yellowdng, and drying of the foliage are similar. The roots of such 
plants show" various degrees of discoloration and rot. In advanced stages of 
disease the roots are absent or reduced to the central vascular strand. In 
the corms the infection may be slight and only in the basal scar or the entire 
core and vascular strands (Fig. 1, C) may be decayed. 

If the plants are fairly w^ell grown before the infection becomes serious, 
the leaf yellowdng is correspondingly delayed or even absent. In young, 
tender leaves, wilt may occur before the leaves yellowL With a uniform 
infection of the whole vascular system, all of the leaves become yellow^ and 
dry, the change usually beginning at the tip and proceeding regularly down- 
ward. Sometimes leaf yellowdng show^s first in the low^’er leaves, and in some 
partially resistant varieties a slight wilting and yellowing of the first leaf 
is the only indication of infection. Corms infected in only a section of the 
root plate show correspondingly less yellow" in the leaves. Probably the 
yellowed leaves are in vascular connection wdth infected roots, but it is diffi- 
cult to establish this. 

In very susceptible varieties the foliage symptoms appear very early. In 
heavily infested soil and with adverse cultural conditions, even the resistant 
varieties sometimes become slightly infected, but such infection produces 
very slight evidence of disease in the corms and usually no noticeable foliage 
symptom. Intermediate between the very susceptible and the resistant 
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varieties are those in which more or less infection occurs without disease 
s^nnptoms in the leaves. 

The leaves of some varieties (Hopi, Los Angeles, Maid of Orleans, Alice 
Tiplady, and others) turn yellow naturally with maturity, with appearance 
very similar to yellows, but examination of the roots and conns shows no 
trace of disease. Furthermore, diseases other than Fusarium yellows may 
cause yellowing, so that this is not an entirely dependable symptom. 

Conn s 3 unptoms 

In conns the disease s\miptom varies from a slight discoloration at the 
base to complete rot. Extensive interior rot may exist without any outward 
sign of disease. When infected plants are harvested, the new conns may 
appear entireh^ normal, but, when cut, usually show a surprising amount of 
brown rot in the interior (Fig. 2, A). In typical average stages of disease 
both the parent and the new conns have discolored cores and radiating vascu- 
lar strands. In a more advanced stage the infected strands reach the sur- 
face of the conn at the nodes where brown lesions develop (Fig*. 2, a-b). 

If this stage of infection develops before the corm is dug and the husks are 
not too dry, the infection spreads into the vessels of the husk (Fig. 2, E, c). 
The node lesions are more often found in corms in storage. These surface 
lesions are bright dark-brown, with margins of light reddish-brown. How- 
ever, there is more or less variation in the different varieties of gladiolus. 

Infection may exist in a slighth^ broken basal scar, perhaps with no dis- 
coloration. Sometimes the parent conn shows less disease than the new 
corm. In severe infections, especially if the soil is moist, the parent corm 
is completely rotted b.y harvest time instead of being normally dr^^ and 
shriveled. In such cases the new corm is usually in an advanced stage of 
rot (Fig. 2, A). Sometimes new conns are infected directly from con- 
tractile roots, while the parent conn remains disease-free. 

The diseased vascular tissue varies in color from light to medium brown 
(Cinnamon buff*, and Saccardo’s umber in Eidgwa}^ (19)). The fungus 
apparently develops in advance of the discoloration, as it can be isolated 
from vessels that are still normal in color. The texture of the infected 
vascular tissue is rather firm, woody, or tough. Under moist conditions the 
fungus passes beyond the vascular tissues and causes a general, often soft 
rot of the fleshy part of the coi’m with various secondary organisms usually 
present. In plants that have continued growth to or nearly to maturity, 
the course of the disease is easily traced from the roots through the parent 
conn into the new corm (Fig. 1, C). The exterior of such conns is usually 
normal. As the tissues dry, small cavities form inside the diseased corms 
and in these the delicate white hyphae and occasionally the microconidia of 
the fungus are found. 

Microscopic examination of fresh or fixed sections shows fungus hyphae 
inside the vessels (Fig. 3), abundant in some, rather scanty in others. In 
the margins of some infected areas the mycelium eluded microscopic obser- 
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vation, but from similar tissue tbe fungus could be demonstrated by 
culturing. 

In addition to the typical vascular disease^ there is the less typical corm 
condition variously designated as doughnut, high crown, or hollow core. 
Beginning at the base there is a progressive browning, drying, and shrinkage 


Fig. 2. Vascular infection of gladiolus. A. Immature corms: a-d, core decay in cross sections 
small lesions along the nodes; /, black streaks in husks due to infection, x B. Infected fibrous rc 
a and h, grown in sand infested with Fusarium; respectively, x and xl; o, grown in water with Fusar 
added; the cortex is translucent, showing the dark, infected central vascular strand; x li. Hote that 
fected areas are dark. C. Infected contractile roots, grown in soil infested with Fusarium. x L D. 1 
of fibrous roots, blackened by infection: a, exterior; h, cut across base of conn. F. Interior vascular 
fection breaking through to the surface along the nodes (a-b), and extending into the husks (o). x 
Various stages in the doughnut” type of rot. x^. 

of the core tissues. Extreme examples have large holes through the center, 
while the early stages have merely a slight discoloration in the basal scar. 
Various intermediate stages are found (Fig. 2, F). The hole or cavity is 
usually widest at the base, and in its enlargement may destroy part or all 
of the root plate. At the top it is J to ^ inch in diameter, sometimes larger, 
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often including and destroying the terminal buds. The extent of the cavity 
is limited to the core tissues with occasional slight extensions into the radi- 
ating vascular strands. The brown wall of the cavity is thin (-J to 2 mm. 
thick), hard, and woody. The outer surface of this wall is smooth or occa- 
sionally with thorn-like projections into the sound, fleshy part of the corm. 
The whole of this dry, hard core can be separated easily and cleanly from 
the rest of the corm. 

The doughnut, as well as the vascular, type of infection begins in the 
field, and the extent of the rot depends on the length of time between infec- 
tion and harvesting. In very moist soil the conns may rot entirely. After 



Pig. 3. Stained section from an infected gladiolus corm. Note three liyphae of the 
Fusariimi in longitudinal view and a few in cross section, x 1,370. 

digging and curing the central part becomes hard and dry and tends to 
disintegrate and to fall out, leaving a clean, walled cavity or hole from the 
bottom to the top of the corm. Conns measured when placed in storage and 
again in the spring showed little or no enlargement of the cavity during 
storage at 5° to 10° C. 

All of the few plants found with small aerial conns (Fig. 1, D) had the 
doughnut condition in the parent conns below ground. These aerial cornis 
were sound and clean in appearance, but no isolation of the fungus was 
attempted. 

The distribution and occurrence of the doughnut type of disease coincides 
with that of the vascular type. Whether infection results in the vascular 
or the doughnut condition seems to depend chiefly on the variety, but possi- 
bly, also on the age of the corm, the soil, and the virulence of the parasite. 
The variety Dr. E\ E. Bennett is very subject to the doughnut disease. Less 
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frequently it occurs in Commander Koelil, Mrs. Francis King, Mrs. Prank 
Pendleton, Halley, Scliwaben, E. J. Shaylor, Virginia, and others that are 
also susceptible to the vascular infection. High crown to doughnut symp- 
toms have been found in a few corms of Picardy, Giant Nymph, and Golden 
Dream. 


Root Symptoms 

In fibrous- roots the first indication of disease is a rusty color, becoming 
darker, even black. The infection may occur at any point along the root, 
but most frequently at the tip. Lateral roots die back, leaving a dark spot 
on the main root (Pig. 2, B, a). Main roots are invaded at their tips, at the 
bases of laterals, or at any other point. Unless checked, the fungus con- 
tinues its growth and enters the root plate. 

As new roots continue to push out from the root plate, some may escape 
infection. "When, because of disease or injury, the root plate is destro^^ed, 
roots often develop from parts above it, even halfway up the side of the conn. 

The infected roots soon die, disappear, or are reduced to thin, wiry 
strands. The dark vascular bundle of the infected root can be seen through 
the translucent cortex in roots grown in water or w^et sand (Pig. 2, R, h-c). 
The proximal ends of the fibrous roots are embedded in the base of the corm 
to a depth of 3 to 5 mm. or more. These root bases, norinally clean and 
white, are blackened by the Pusarium infection (Pig. 2, D). 

When all of the root bases are invaded and darkened the parent corm 
shows a complete dark ring around the core (Fig. 1, C, /). If only a few 
roots in one part of the root plate are diseased, only a part of the vascular 
ring of the corm is discolored (Fig. 1, C, d-e). 

Contractile Roots 

Contractile roots'*^ (description of fibrous roots applies in general to con- 
tractile roots), developing comparatively late in the season, seem less subject 
to infection than the fibrous roots. These roots become infected at any point 
along their length but most frequently in the thick upper part and particu- 
larly on the under side. Lesions of considerable size often escape observa- 

2 Fibrous roots are the long, slender, freely-branching roots that develop at the base 
of the parent corm shortly after planting. In damp storage these roots often begin growth 
before planting. In the soil they persist and function as feeding roots until the new corm 
is matured. 

After the foliage leaves are well grown and the new conn has begun to enlarge at the 
base of the new shoot, contractile roots develop from the nodes at the extreme base of the 
new corm. These roots are thick, fleshy, white, and more or less transversely wrinkled. 
They extend deeply into the soil and have few or no branches. Their function seems to be 
chiefly that of support or anchorage for the plant. Deep-planted corms are less likely to 
develop contractile roots than corms nearer the soil surface. Stolons, originating from the 
same region as the contractile roots, develop somewhat later and produce cormels. The 
exact point of attachment of contractile roots and stolons is not easily determined because 
of the extremely short neck or stem between the old and the new corms. However, when 
the two corms are separated in the cleaning process, the dry, shriveled contractile roots 
and the stalked cormels are most likely to remain attached to the new corm, at least tem- 
porarily, and thus indicate their placement. Further details of gladiolus corm morphology 
are supplied by Geiger (6). 

3 ^00 footnote 2. 
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tioii until the under side of the root is examined. Infection is first visible 
as a small spot or red or red-brown streak. From this earl}?- stage pure 
criltures of Fiisarmm can be isolated. The lesions (Fig. 2, C) become more 
or less elongated, J to 2i inches long, often confined to one side of the root, 
or the root may be girdled. In advanced stages the whole root is brown and 
shriveled. Dissection and stained sections show that the infection starts in 
the cortex and penetrates into the vascular bundle, which becomes dark, 
reddish-brown. Infection spreads in both directions and may extend into 
the vascular tissue of the new conn. 

THE COURSE OP NATURAL INFECTION 

New conns can be infected directly from infected parent conns or from 
the soil. From the soil the Fusarium may gain entrance through fibrous 
roots, through contractile roots, or through the leaf bases near or below the 
soil line. 

When fibrous roots are attacked, the hyphae grow uxiward in the large 
straight vessels of the root until they reach and enter the root plate and the 
vascular tissues of the conn. The vessels of the corm are much convoluted 
but their general direction is upward. Growing in these large vessels, the 
fungus eventually penetrates into the new corm, where it often causes more 
decay than in the parent corm. 

From infected contractile roots the fungus grows through the vessels to 
and into the vascular tissue of the new conn, where infection is indicated 
by a discolored area at the base of the root. Sections show that the con- 
tractile roots, like the fibrous roots, extend a few millimeters into the corm, 
and that the vascular bundle of the root passes into the corm as a compact 
cylinder, then spreads out fanlike and merges with the vessels of the new 
corm. It may happen that only one of t^vo or more daughter conns becomes 
infected from contractile roots. 

If infection has originated from both fibrous and contractile roots, the 
point of origin of infection is difficult or impossible to determine. Infection 
of either daughter or parent conns can take place from either fibrous or 
contractile roots, but perhaps only in severe infection of long duration would 
the parent conn become infected from a contractile root. Infection con- 
tinues in the cortex of the contractile root and may possibly reach the new 
corm by this path, as well as through the vascular tissues, but microscopic 
examination has failed to prove infection from the cortex. Infection may 
or may not reach the corm before digging time. It is likely that the infec- 
tion may continue to spread during curing from the drying root into the 
more succulent tissues of the new corm. 

Another point of infection, particularly in moist weather, seems to be 
along the stem or compacted leaf bases near or below ground level. Infec- 
tion in these parts progresses downward through the leaf bases to the nodes 
of the new coimi, where small brown lesions develop. These lesions are like 
those produced by the extension of infection from the interior of the corm. 
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except tliat they lack any connection with interior rot. The node lesions 
originating from stem infection may be shallow or of considerable depth. 
Such infections have been observed frequently, but not experimentally pro- 
duced by the writer. Surface lesions caused by this Fusarium develop only 
from infected vascular tissue of eorms or leaves. 

The progress of the disease and the appearance of leaf symptoms are 
determined by the extent of the infection in the planting stock or the degree 
of infestation in the soil, or both, also on the variety of gladiolus, and the 
temperature and moisture conditions. "Weather conditions have consider- 
able effect on the progress of the disease. Low air and soil temperatures 
retard the development of the Fiisarnmi, while very moist soil and high tem- 
peratures accelerate its growth and also favor secondary organisms that 
hasten the destruction of the corm. 

'When diseased eorms are planted in clean soil they regularly yield a 
diseased crop or none, and furthermore, contaminate the soil. Conns wdth 
very slight infection occasionally outgrow it and produce good plants and 
clean ncAV eorms. 

In undisturbed soil the fungus seems not to spread rapidly or far in one 
season. Susceptible varieties of gladiolus have reached maturity in perfect 
health wdien grown 6 inches from others so seriously infected that they died 
before blooming. 

The presence of the fungus can be demonstrated by isolation from any 
point along the diseased root, at its base in the corm, or in the infected area 
in the corm. The course of infection is easily followed because of the dis- 
coloration caused by the fungus. In both free-hand and stained sections of 
recently infected roots and conns the hyphae of the Fusarium are found 
only in the tracheae. Some tracheae are full of the strands of hyphae, 
others show few or none (Pig. 3) . 

ISOLATION AND PATHOGENICITY OP THE FUSARIUM 
Isolation of the Pathogen 

Hundreds of isolations during the past 18 years have demonstrated the 
constant association of a certain type of Fusarium with the typical vascular 
disease of gladiolus. The greater number of these isolations w^ere made from 
plants grown and experimentally infected in the course of a study of the 
disease. In addition, isolations were made from infected conns of many 
varieties that were received from practically all of the gladiolus-growing 
regions of the United States and a few from Holland. 

Prom recently attacked eorms and especially from the developing new 
corm infected directly from the parent corm, the Fusarium is easily isolated 
in pure culture. In many cases the Fusarium was isolated from several 
parts of the same corm, the core, the radiating vascular bundles, the husks, 
and from node lesions wdien any were present. 

The pathogen has been isolated from both fibrous and contractile roots 
and from the base of these roots. It has been isolated from the stem or com- 
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paeted bases of leaves and flower stalk as much as 6 inches above the ground 
level. While there are certain very typical symptoms in most eases of this 
vascular disease of gladiolus, there are also some differences due to the 
variety, to the stage of infection, and to the conditions of growth or storage. 
Isolations were made from all such unusual or doubtful specimens. 

Under the usual growing or storage conditions the Uz65*ariiim-infected 
corms are soon invaded by one or more secondary organisms. Because of the 
presence of these secondary organisms, the isolation of the causal Fusarium 
from advanced stages of the doughnut type, especially from the cured, 
stored corms, is difficult. 

Every effort was made in isolations and transfers to secure and maintain 
only pure cultures and nothing has developed to cast any doubt on the 
purity of the majority of the isolates. However, to satisfy the demand for 
data obtained from single spore cultures, many such isolations have been 
made. Spores from a culture were dispersed in water and diluted until 
there were only 10 or 12 spores in a large drop. Such a dilution was spread 
over the surface of a hard-agar plate. With only 5 cc. of clear agar in a 
plate, the spores are easily seen in microscopic examination through the 
bottom of the plate. When the spores germinate they are cut out, placed 
on a slide, and again examined before transfer to a tube as a single spore. 
For most isolates, with few or no macroconidia, microconidia ware used for 
the single-spore isolations. Several single-spore isolates from each of 22 
isolates were checked for pathogenicity and cultural and morphological 
characters. 

Methods of Inoculation 

The most reliable and natural method of inoculation is to plant corms 
in sterilized soil or sand to w^hich the pathogen has been added at, or shortly 
before, planting time. 

The Fusarmm for inoculation purposes wms usually grown on steamed 
oats, sometimes on rice, potato, or other media. When w^ell developed the 
growth was finely divided and measured amounts thoroughly mixed wdth the 
soil in the low^er part of the pots or bench. The corms were placed on this 
inoculated soil and covered wdth several inches of clean soil. 

In none of the inoculation experiments did the Fusarium affect the 
intact epidermis of corms, even W'hen the inoculum w^as placed directly on 
the corm. Some wnunded areas developed decay varying from small, shal- 
low^ brown spots to rather extensive rot, sometimes reaching and entering the 
vascular tissues. 

When Fusarium cultures, crushed and diluted in wnter, wnre poured 
over plants nearing maturity, the fibrous roots and the bases of the parent 
corms became infected, but the disease spread into very few of the new^ corms. 
P ossibly older plants are somewhat resistant, or the fungus did not have time 
to invade all parts of the plants. In comparable trials on the same varieties 
of gladiolus, inoculum added to soil at planting time resulted in 85 to 100 
per cent infection, while that added to soil 8 w^eeks after planting produced 
only 40 to 70 per cent infection. 
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To observe the effect of inoculation on roots, conns were grown over 
sterile tap water. In sterile water the roots remained clean and free from 
disease but those in water eontainiiig Fusarium soon discolored and rotted 
(Fig. 2, By c). On isolation from such roots, Fusarium and often also bac- 
teria and Penicillmm were recovered. Clean, sterile, wet sand proved a 
good medium for root inoculation experiments, as frequent examinations 
could be made without injury to the roots. 

Mature leaves of gladiolus were inoculated in several tests. "When the 
inoculated area was kept moist, a general rot with only slight indication of 
vascular infection developed in which Fusarium^ Penicillmm^ and bacteria 
were found. If the inoculated area was exposed to the usual atmospheric 
conditions, no infection resulted. 

While a large number of varieties have been used in inoculation tests, 
those most frequently used w^ere Mrs. Francis King, Mrs. Frank Pendleton, 
Dr. F. E. Bennett, Mrs. Dr. Norton, Tyco Zang, E. J. Shaylor, Crimson 
Glo-w, Schwaben, Alice Tiplady, Giant Nymph, and Tyrian Beauty. It was 
only by chance that most of the early tests were made with susceptible 
varieties. 

Pathogenicity 

In the beginning of this study an effort was made to test the pathogenicity 
of each organism isolated from corms received for examination and diag- 
nosis. When, after numerous tests, a certain type of Fusarmm was recog- 
nized as the responsible pathogen, the tests were restricted to isolates from 
different varieties of gladiolus, from different localities, or from specimens 
showing atypical symptoms. 

For the pathogenicity tests, selected corms were carefully examined for 
freedom from disease and growu under conditions that precluded infection 
from outside sources. Also a large number of control plants were grown, 
thus reducing the chance of error from incipient corin infection. 

The inoculations were made by adding the Fusarium cultures to the soil 
in which the corms were planted. The plants, if susceptible, developed a 
typical infection, while the adjacent control plants remained healthy. From 
various parts of the infected plants the Fusarmm was reisolated and these 
reisolations, when compared with each other and with the original isolate, 
were found to agree in cultural and morphological characters. Also, the 
reisolations were tested by inoculating plants and proved pathogenic. 

In a field trial (detailed in the section on varietal susceptibility, p. 284) , 18 
isolates of the vascular Fusarium were tested separately on each of 20 varie- 
ties of gladiolus. Prom the 7 more susceptible varieties reisolations were 
made from infected vascular tissue of the new corms; these have been com- 
pared with the cultures used as inoculum by cultural tests on 5 different 
media (potato-dextrose, corn-meal, corn-meal-plus-dextrose, and oatmeal 
agar, and bean pods) , and by spore measurements. Judged by these com- 
parisons, the Fusarium isolates recovered from the infected gladiolus are of 
the same type as those used to inoculate the soil. 
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Experimental proof was obtained that contractile roots are infected by 
the vascular Fusarkm and that they transmit the disease to the new eorms. 
In these tests conns of 2 varieties^ Dr. P. E. Bennett and Chas. Dickens, 
30 eorms of each, were grown singly in sterilized soil in 6-ineh pots. The 
inoculum was applied after the contractile roots were well developed. The 
surface soil was removed carefully to minimize wounding* of roots, a 
Pusarium culture in a water suspension was poured over these, and the soil 
replaced. With this method a number of contractile roots became infected 
and all infection in the new eorms could be traced to infected contractile 
roots. The Fiisariimi was reisolated from a number of contractile roots and 
conns, and pathogenicity of several of the reisolates was demonstrated. No 
infections developed in the 10 control plants of each variety. 

Observations and experiments indicate that the pathogenicity of isolates 
from doughnut’^ types of infection is less than that of isolates from the 
typical vascular types. Inoculation with the doiigiinut ’ ’ isolates produced 
typical vascular infection as often as they did the doughnut type, but infec- 
tion was slower and less extensive than in parallel inoculations with the 
Amscular isolates. 

That pathogenicity of this vascular Fusarkim is reduced by long periods 
of culture in artificial media has been generally noted but no extensive 
records have been kept. Three isolates. Nos. 30, 32, 34, of 1935, tested 
shortly after isolation, w^ere unusually virulent, causing 100 per cent infec- 
tion in the varieties Panama, America, and Mrs. Prancis King. In the same 
experiment with the same varieties, four older isolates (1929, 1930, 1933) 
produced 40, 62, 53, and 68 per cent infections, respectively. In 1936 the 
isolates of 1935 again gave 100 per cent infection on the varieties Dr. P. E. 
Bennett, Crimson Glow, and Schwaben. In 1938 the variety Dr. P. B. Ben- 
nett was inoculated with No. 34 of the 1935 isolates and No. 14 of the 1929 
isolates. Isolate No. 34 caused only moderate infection and isolate No. 14 
a mere trace. In 1939 isolate No. 34, used in an experiment for observation 
of root infection, caused onl^^ traces of disease, while younger isolates were 
definitely virulent. Pactors other than age may be partly responsible for 
such decline in virulence. This change has been observed so frequently that 
cultures 2 years old or younger have been used in all recent experimental 
wmrk. In addition to such loss of virulence there are even among recent 
isolates differences in degree of pathogenicity. Some infect a wide range of 
varieties of gladiolus, others infect only the most susceptible varieties, and 
some isolates from typical lesions produce no infections. 

CHARACTERISTICS OF THE FUSARIUM 

Comparison of Isolates 

Beginning in 1923, isolates from the yellows disease have been compared 
and records made of their characteristics and particularly of their patho- 
genicity. None of the earlier isolates are now in stock but the records and 
the eamera-lucida drawings of these agree perfectly with those of the past 
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5 or 6 years. Tlie Fusarium cultured from gladiolus of various geograpliic 
origins, from many different varieties, and from the several plant parts 
including old and new conns, fibrous and contractile roots, and leaf bases, 
have been coinpared. Also reisolations have been checked against original 
isolations and single-spore cultures against source cultures. The various 
isolates are very similar in physiology and morphology, although the charac- 
ter of growth of even a single spore isolate may vary considerably with slight 
differences in the medium or the environment. Variation in Fusarium is an 
old story and is noted in practically all studies of species of this genus. In 
1904 Smith and Swingle (21) wrote of Fusarium oxysporum: ^Mudged by 
the above descriptions we have had half a dozen species of Fusarium, yet all 
were the product of a single spore.’’ 

Most isolates have been similar or identical in appearance on the usual 
culture media. Sectoring has not been observed in either plate or tube cul- 
tures. Differences sometimes occurred that suggested separation of the iso- 
lates into several groups, but on repetition of the tests these differences 
proved inconstant. The isolates from various localities and from different 
parts of the gladiolus plant have proved, on the whole, strikingly similar 
in the amount and character of growth and pigment. The only apparently 
constant cultural distinction noted is a difference in aerial growth in 
Tochinai (24) agar.^ On this medium some isolates have a fairly persistent 
surface growth so dense that the color of the stroma does not show through, 
while in others the aerial growth UvSually collapses into a flat, appressed layer 
much the color of the stroma. 

Cultures have shown perhaps more variation in pathogenicity than in 
cultural character. Of 18 typical, single-spore, young isolates (from patho- 
genic stock cultures) used to inoculate 10 varieties of gladiolus (known to 
be susceptible) only 1 (12-1) of the 18 produced infection in all of 10 varie- 
ties. Three isolates infected 9 varieties; 9 isolates infected 8 varieties; 
3 isolates infected 7 varieties, and 2 isolates infected only 6. varieties. 

Comparison with Fusarium oxysporum var. gladioli Massey 

In addition to the wilt or yellows-producing Fusarium of gladiolus, it is 
to be noted that Fusarium oxysporum var. gladioli, described by Massey in 
1926 (8), is the cause of a gladiolus disease. A culture of this organism, 
received from L. M. Massey, sub-cultures and reisolations from it, and iso- 
lates made by the writer from typically diseased plants, have been included 
with the vascular pathogen in parallel tests of cultural and morphological 
characters and pathogenicity. Five cultures of F, oxysporum Schlecht. have 
also been compared with the two pathogens from gladiolus. Four of these 
cultures were obtained from Freeman Weiss, the fifth from Miss Lillian 
Cash. In culture the bulb-rot organism has, in most tests and examinations, 
shown less abundant aerial gro\Vth, less pigment, and wdder maerospores 
than the yellows organism. The mycelium of the former also shows a ten- 

4 Modified Tocliiiiai Agar: Peptone, 0.5 g.; Mono potassium phospliate, 0.5 g.; Mag- 
nesium sulphate, 0.5 g.; Maltose, 15.0 g. ; Agar, 12,0 g. ; Water, 1000.0 ec. 
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deiicv to be somewhat coarse and to become woolly Avitli a«‘e, while that of 
the 3 ^ellows pathogen collapses but remains fine in texture. The most dis- 
tinctive characteristics of these two Fiisaria of gladiolus are the effects on 
the host. 

The yellows Fusarium causes a vascular disease of the growing plant, 
attacking roots and corms early in their development, seriously infecting 
and even destroying the plants before maturity. Only in late stages of the 
disease and under moist conditions is the fleshy tissue of the eorm attacked 
and, even then, it is a question whether this Fusarium is chiefl}^ responsible 
for these late stages of rot, as by this time various secondary organisms have 
invaded the affected conn. 

Fusarium oxysporum var. gladioli^ on the contrary, attacks the surface 
and causes a rot of the starchy storage tissues. The lesions originate during 
the growing period, or perhaps during or after harevsting, and continue to 
develop during storage. Massey (8) says of F, oxysporum var. gladioli , 
It is primarily a storage disease.’’ 

In susceptible varieties of gladiolus grown in soil heavily infested with 
Fusarium oxysporum var. gladioli, an occasional slight vascular infection has 
resulted that would be overlooked on casual examination. Such infections 
have occurred in several inoculation experiments under conditions that pre- 
cluded infection from sources other than the inoculum placed in the soil. In 
parallel inoculations the vascular types of Fusarium gave 100 per cent severe 
infections. 

The ability of the 2 organisms to cause exterior lesions on corms was 
compared by inoculating, with and without needle prick wounds, the surface 
of 5 varieties of mature coxuns. The corms were kept slightly moist, at 24° C. 
for 3 weeks. No infection developed, except through wounds. Fusarium 
oxysporum var. gladioli, infected all 5 varieties, producing 46 lesions of 
moderate size, while the vascular Fusarium, with an equal number of 
wounds, infected only 2 varieties and produced only 10 veiw small lesions. 

Cultural Characters 

Cultures have been kept at room temperature (22° to 25° C.) and in 
moderately subdued light, except in a few special experiments. 

In most media there is a fairly abundant mycelial growth, "white, fine 
textured, with little or no pigment, except in media containing sugar or acid. 
With age the aerial mycelium partly collapses and becomes tinged with buff 
or cream color. On corn-meal agar, both with and without sugar, and on 
stems of clover and potato, the aerial growth is scanty. Growth is abundant 
and strongly pigmented (Spinel-red to dull-purple (19) ) on rice. No odor 
has been detected in rice cultures. 

On TochinaF agar, the yellows Fusarium makes a vigorous growth and 
produces abundant and vivid colors. The color begins as pale-pink, changes 
to red (Spinel-red), or reddish-oimnge (Carnelian-red), then Vinaceous- 

5 See f ootnote 4. 
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purple or Hyssop-violet with numerous intermediate tones and shades of 
these colors. In well-grown plate and slanted-tube cultures the reverse 
shows a wide marginal zone of radiating lines of various shades of red, red- 
orange, or purple. When first used this seemed a useful medium for separa- 
tion of strains because of the variety of colors produced, but isolates grouped 
according to color often changed rapidly, requiring regrouping in less than 
a day. In the end they were all practically alike as to color. As stated 
(p. 284), the isolates seem to fall into two groups in regard to the character 
of the aerial growth in Tochinai agar. 

Microconidia are abundant in all media; macroeonidia absent, few, or 
irregularly produced; pionnotes, very rare; sclerotia, not infrequent in 
potato agars, small, dark-gray to dark bluish-green ; chlamydospores, abun- 
dant in all media. Many kinds of media have been used in the effort to 
increase the production of macroeonidia. Oatmeal hard agar and clover 
stems have given the best results, but even with these media many cultures 
failed to produce macroeonidia. (Three cultures on clover stem and two on 
bean stem developed pionnotes or sporodochia.) 

Morphologic Characters 

From a number of recent single-spore isolates of proved pathogenicity, 
several (7-3, 11-2, 12-1, and 16-1) were selected in 1940 for the morphologi- 
cal description. These were chosen as representing the slight differences in 
growth and because they produced a sufficient number of macroeonidia for 
study. They were isolated in 1938 from typically infected vascular tissue 
of gladiolus. Their pathogenicity was tested and single-spore isolates made 
in 1939. The pathogenicity of the single-spore isolates wus confirmed in 1939 
and again in 1940, and the Fusarium was again reisolated. In gross and 
microscopical morphology and in physiology these recent isolates and reiso- 
lates are very similar to or identical with other recent isolates and also with 
the numerous isolates of the past 18 years. 

Of the selected isolates. No. 11-2 is representative of the group producing 
persistent aerial growth and less pigment than the majority of the isolates. 
Number 16-1 most nearly represents the group with aerial growdh that fre- 
quently collapses in Tochinai agar. The others are intermediate between 
these two or variable in this respect. In the latest pathogenicity tests, iso- 
late No. 12-1 ranked highest, with an average of 64.5 per cent infection in 
10 varieties of gladiolus; No. 11-2 gave 52.5 per cent infection; No. 7-3, 
50.5 per cent, and No. 16-1, 49.5 per cent in the same 10 varieties of 
gladiolus. 

The aerial mycelium is white, abundant, and 3 to 5 mm. deep, with age slightly buff. 
Sub-stratum, colorless to pale-buff, lilac, Spinel-red, or vinaeeous-lilae to dark-yinaceous, 
depending on the medium. 

Bclerotia occur occasionally on potato-dextrose agar. They are small, more or less 
globose, single or clustered, dark-gray to bluish-green or dark-blue, formed in one or two 
rows in the lower margin of slant agar cultures. 

Chlamydospores develop in all media. They are hyaline; usually vacuolate, spherical 
and l-celled (when 2-eelled somewhat elongated or pear-shaped) ; terminal and intercalary 
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in the mycelium and in. the maerosj^ores ; mostly single but sometimes in chains of three. 
The walls are smooth (rarely in very old cultures somewhat irregular or irough), mostly 
thin, becoming thicker with age. The l-celled are 7 to 10 jj, in diameter, the 2-celled 12 
to 15 pi. 

Microconidia are abundant in all isolates: hyaline; continuous or 1-septate; 90 per 
cent ovoid, a few kidney-shaped or ovate (Fig. 4). The size ranges from 3 to 14x2.2 to 
5.0 11 , but the majority are 7 to 10 x 2.8 to 4.2 |x. 

Macroconidia are scarce, often lacking. In one culture tube (not a single cell isolate) 
a few sporodocJiia were found. Pionnotes are rare and, as stated earlier, have been ob- 
served in only three culture tubes (clover stem, bean stem, corn-meal agar). These three 
were the only cultures found with a large number of macroconidia. In most eases the 
macroconidia are scattered in the aerial mycelium along with the microconidia. Even when 
macroconidia were reasonably numerous, their size, especially the diameter and the septa- 
tion, varied not only in the different media, but also at different ages in the same medium. 
As an example, parallel cultures of isolate No. 16-1 were made in oatmeal agar, Tochinai 
agar, potato-dextrose agar, corn-meal agar, and rice. In oatmeal and Tochinai agars the 
niacrospores were 3.5 to 5.6 :p, in diameter, while at the same age (24 days) the spores from 
rice, corn-meal, and potato-dextrose agar were only 3.0 to 4.5 ^ in diameter. Potato-dex- 
trose-agar cultures 10 days old had macrospores 3.0 to 4.4 in diameter. Ten days later, 
spores from the same tube were 4.2 to 4.9 p, in diameter. 

The macroconidia seem not to remain long in what is considered a normal 
condition. If too young they do not have the wddth of mature spores and 
the septation is poorly developed. When too old the spores are either 
shriveled or s-wollen (depending on the moisture content of the medium), 
hyaline, full of vacuoles, often with broken or absorbed apical cells, or with 
chlamydospores in the cells or at the ends. Such changes have been noted 
in all of the isolates. If macroconidia are produced at all they reach a stage 
of normal development and then rather rapidly deteriorate, even disinte- 
grate. The normal, mature macroconidia in good condition are homogeneous 
or finely granular, with walls and septa well developed, and cells neither 
swollen nor shrunken. They are mostly straight, yet many are slightly 
curved. The central part is nearly straight and of equal diameter ; the ends 
are pointed, the base with a pedicel more or less developed, and the apex 
curved or bent (Fig. 4) . 

Because of the scarcity of macroconidia it w’^as decided to try to find and 
measure 50 of the 3-septate spores from as many isolates as possible and all 
spores with other septation found during the search for the 50. In many 
cases it was necessary to search a number of mounts to secure the desired 
number. In those unusual mounts in which macroconidia were relatively 
numerous, 100 of the 3-septate forms were measured. The 4- and 5-septate 
spores are rare and only one 6-septate spore has been seen. 

For measuring, the spores were mounted in water on a thin layer of clear 
agar and the cover sealed with vaseline. The slides were prepared by flood- 
ing them with melted water agar, drained quickly, and dried. When the 
spores, in a drop of water, are mounted on such a slide the agar film softens 
sufficiently to hold the spores in place and in one plane. The spores were 
measured immediately after mounting. Such slides if protected from dust 
remain in good condition for days. 

An attempt was made to have the spores to be measured of the same age, 
grown in the same medium and under the same conditions. This was not 
entirely successful, as the development of spores was variable, even under 
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apparently identical conditions. In some cultures, normal macroconidia 
were present in 14 to 18 days, in others, not until considerably later. Isolate 
No. 7-3, when 20 to 30 days old, had normal 3-septate macroconidia, and 
6 to 9 per cent of 4- and 5-septate spores. When 45 days old, the 3-septate 
spores were scarce and in poor condition and none of the 4-septate or 5-sep- 
tate type w'ere found. Just the reverse occurred with No. 7-3B in the same 
medium, where the 3-, 4-, and 5-septate spores were normal and more numer- 
ous at 45 days. 

Measurements of macroconidia from 4 representative singie-spore iso- 
lates are given in table 1. 

Eegardless of some variations in morphology, physiology, and degree of 
pathogenicity, these isolates from gladiolus are closely similar and have 
enough stable characters to indicate that they belong to one species in the 
sub-section Orthoceras. It seems legitimate to establish this Fusarktm di^ a 
new variety on its knowm host relationship. The apparent restriction to 
gladiolus (including probably some related plants, as is indicated in the 
section entitled Other Potential Hosts), seems sufficient reason for describing 
it as a new variety. 

Classification 

Because of its morphological and physiological characters it is fairly easy 
to determine that this vascular pathogen of gladiolus belongs, according to 
the classification of Wollenweber (26) and Wollenweber and Eeinking (27), 
in the section Elegans. It is somewhat more difficult to decide between the 
sub-sections Orthoceras and Oxysporum. The rare production of pionnotes, 
the few” sclerotia, an occasional culture with numerous macroconidia, and the 
fact that Fusarmm oxysporum var. gladioli is able to cause a slight vascular 
infection in gladiolus, suggested a relationship with the sub-section Oxy- 
sporum and possible identity with F. oxysporum var. gladioli. But these 
similarities are not sufficient to balance the entirely different disease symp- 
toms produced in the host by the vascular pathogen, the general nonproduc- 
tion of sporodochia, pionnotes, or sclerotia, and the more slender and 
straighter macroconidia, all of which indicate a closer relationship to the 
Orthoceras than to the Oxysporum sub-section. 

There is not sufficient discrepancy in the physiological or morphological 
chai’acters of the four selected representatives or among the hundreds of 
other isolates from gladiolus to warrant further separation within the 
variety. In certain respects the variations found are considered no greater 
than those occurring in many if not most species and varieties ot Fusarmm. 

An important distinction of the vascular parasite of gladiolus is its host 
relationship, which seems sufficiently important to establish it as a variety 
of the type species of the sub-section. The name Fusarium orthoceras var. 
gladioli n. var, is proposed for this pathogen. 

Technical Description 

Fusarium orthoceras App. et Wr. var. gladioli new var. 

Mycelium typically aerial, white, abimdant, fine-textured ; on corn-meal agar ap- 
pressed, colorless. Color of substratum in beef -agar cultures buff to chamois; in oatmeal 


TABLE l.—T/ie range and average swe in microns of the macrocomdia of 4 representative cultures of Fusarmm orthoceras var. gladioli 
isolated from gladiolus in 1938. Single-spore isolates in 1939. Measurements made 1939-40 
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agar pale-pink to Spinel -red and vinaeeous-purple ; ^ in rice, aerial mycelium white, sub- 
merged hypliae and rice pale-pink to Spinel-red, Jasper-red and dark, dull-purple j no 
odor from rice cultures. Microconidia abundant, mostly non-septate, 90 per cent ovoid, 
3-14 X 2.2-5 fx, mostly 7-10 x 2.8-4.2 jx; the few 1-septate, 14-2.5 x 3.0-5 jx. Macroconidia 
typically scarce; scattered in the aerial mycelium, very rarely in pionnotes; straight to 
slightly curved; slightly pedicellate, moderately dorsiventral ; ends pointed and curved; 
typically 3 -septate, 31.5 x 4.2 range (16.8-54.6 x2.5-5.6); 4-septate, rare, 40.9x4.7 (range 
30.0-53,0x3.5-5.6); 5-septate, rare, 41.5 x 4.7 (range 25.5-54x4.2-5.6); the 0-, 1-, and 
2-septate macroconidia, rare in mature cultures, 10-40 x 2.5-4.5, average diameter 3.6. 
Sporodochia none; pionnotes very rare; sclerotia occasional. Chlamydospores abundant in 
mycelium and macroconidia; terminal and intercalary; spherical to oval; single and in 
short chains; smooth; single, 7-10 jx, 2-eelled, 12-15 jx. Optimum temperature 23° to 26° 0. 
Parasitic in tracheae of fibrous and contractile roots and corms of gladiolus; cause of 
Pusarium yellows in horticultural varieties of gladiolus, of the Nanus, Primulinus, and 
Grandidorus forms. 

TEMPERATURE RELATIONS 

Effect of Temperature on Growth of Fusariiim in Culture 

In slanted tubes of potato-dextrose agar sealed to prevent evaporation, 
the minimum temperature for growth of the vascular Fttsarmni is below 
3° C., a trace of growth becomes visible in 4 days at 3° C. The optimum 
lies in the range of 23 to 26° C. and the maximum at about 34 to 36° C. At 
34° C., growth visible with a hand lens increases slowly but remains scanty 
and restricted to the inoculated area. No apparent growth occurs in 2 weeks 
at 36 and 37° C., but when the tubes are removed to 24° C., normal and abun- 
dant growth develops in 5 days. 

Freshly inoculated potato-dextrose tubes kept at -20° C. for 35 days, 
then removed to 24° C., developed visible growth in 3 days and the slants 
were covered by normal growth in 6 days. 

The effect of soil temperature was determined by growing gladiolus in 
metal cans suspended in Wisconsin type tanks of "water. The variation in 
the water temperature, maintained and controlled electrically, was slight, 
not more than 1 to 2° C. The temperatures ranged from 15 to 32° C. A 
suitable moisture content of the steam-sterilized soil was kept constant. 
Cultures of the Fusarmm were added to the soil below the corms. To retard 
evaporation, peat or granulated cork was placed on the soil surface. 

Infection of roots and parent corms occurred throughout the range of 
soil temperatures to which these structures were exposed. Plant growth was 
best at 15 to 18° C., and, at these temperatures, the new corms often escaped 
infection. Both the number of plants infected and the degree of infection 
increased up to 22 to 25° C. Soil temperatures above 25° C. are evidently 
unfavorable for both the gladiolus and the pathogen, as infections were 
practically limited to the roots and the base of parent corms. 

Three experiments in 3 different years, including 7 susceptible varieties 
of gladiolus, indicate that the optimum soil temperature for infection is 
22 to 25° C. (Table 2). For the records in this table, every trace of infec- 
tion, regardless of its extent, was regarded as positive. This does not give 
a true picture as 100 per cent infection at 15° or 18° C. usually represented 
a much slighter degree of infection than 100 per cent at 22° to 25° C. 

6 Plate 44 of Ridgway^s Color Chart. There is another viiiaceous purple on plate 38. 
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In addition to the noniiioculated controls in each experiment, Fiisarmm 
oxysporum xar. gladioli and TricJioderma sp. were used to inoculate the soil 
and were carried at the same temperatures as the vascular F-usarimn, No 
infections resulted from these, and the plants developed normally and 
exactly like the controls. 

VARIETAL SUSCEPTIBILITY 

Among the comparatively few varieties of gladiolus used in experiments, 
dijfferences in reaction to the vascular parasite ranged from high resistance 
to complete susceptibility. In parallel experiments in heavily infested soil 
and with conditions favorable for the parasite, the susceptible varieties 
developed extensive infection and died before blooming. The highly resis- 
tant varieties were only occasionally and slightly infected (2 to 4 per cent) 
and usually without any foliage symptoms, the infection being discovered 
only by cutting the corms. 

Both field and greenhouse tests have demonstrated (12) that the follow- 
ing varieties of gladiolus can be listed as resistant: Albania, Alice Tiplady, 
Apricot Glow, Dearborn, Giant Nymph, Hopi, Los Angeles, Minuet, AV. H. 
Phipps, Picardy, Soiwenir, and Spirit of St. Louis. 

The following varieties have been found susceptible: America, Anna 
Eberius, Ave Maria, Bloomington Beauty, Blue Boy, Byron L. Smith, 
Charles Dickens*, Chicago White, Commander Koehl, Crimson Glow*, Dr. 
P. E. Bennett*, Emile Aubrun, Edith Mason, Evelyn Kirtland*, Flaming 
Sword, Golden Measure*, Halley, Herada, Kalamazoo, Lansing, Le Marechal 
Foch, Maidens Blush*, Marie Kunderd, Mary Shary, Mrs. F. L. Karcher*, 
Mrs. Francis King*, Mrs. Frank Pendleton, Niagara, Odin, Orange Queen, 
Panama, Pride of Goshen, Pride of Wanakah, Purple Glory, 1910 Eose, 
Sclwaben, E. J. Shaylor*, Tempa, Tyrian Beauty, Virginia*, AVar*. Vari- 
eties starred above have proved very susceptible in our tests ; leaf yellowing 
and wilt occur almost as soon as the leaves appear and the whole plant is 
usually dead before flower buds form. The other varieties show foliage 
symptoms later in the season and the new conns may escape infection if 
growdng conditions are favorable. 

It is interesting to note that the resistant variety Picardy is the off -spring 
of a cross between Apricot Glow, a resistant variety, and Emile Aubrun, 
which is of intermediate rank in the writer’s experiments. It, therefore, 
seems possible to secure resistance in a new variety even when one parent is 
more or less susceptible. 

Other Potential Hosts 

In parallel inoculation experiments on growing gladiolus, freesia 
(Freesia sp.), potato (Solanum tulerosum L.), tomato (Lycopersicon escu- 
lenium Mill.), and celery {Apium graveolens L.), typical vascular infections 
were produced in the gladiolus, but no trace of infection of any sort in 
potato, tomato, or celery, and no definite infection in the freesias. Inocula- 
tion tests on other hosts might add to the list of host plants. At present, the 
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writer lias foniid this Fusarium in Gladiolus, Tigridia, and Monthretia 
{Tritonia), but has proved its pathogenicity only to gladiolus. 

In 1923 freesia eorms from California showed disease symptoms similar 
to those of the vascular disease of gladiolus, and, when planted, behaved 
exactly as the infected gladiolus. The Fusarmm isolated from the freesias 
appeared identical in morphological and cultural characters with the gladi- 
olus F’lisarkim but cross-inoculation experiments made in 1923-24 were not 
successful. Unfortunately, the variety of gladiolus used in these experi- 
ments Avas not recorded. The freesias used Avere of the variety Purity. It 
could be that the failure to infect AAms due to resistant varieties. Tauben- 
haus and Ezekiel (22, 23) have described a Fusarium wilt and corm rot of 
freesias. They failed to secure typical infection of gladiolus on inoculation 
Avith the Fusarmm from freesia. Here again the gladiolus used may have 
been resistant. 

In 1927 the Avriter isolated from Montbretia and Tigridia eorms shoAving 
broAAUi vascular rot, a Fusarmm morphologically and physiologically like 
that from gladiolus. This fungus proA’^ed pathogenic to gladiolus, produc- 
ing the same Avascular type of infection as the Fusarium isolated from gladi- 
olus. As test plants Avere not aA^ailable, no pathogenicity tests were made on 
Moniloreiia or Tigridia. Crocus conns {Crocus sp.) with typical vascular 
infection have been examined by the writer, but no isolations were made. 
Drayton (5) has reported a vascular Fusarium disease of crocus. 

CONTROL 

It is difficult to control a parasite that penetrates so deeply into plant 
tissues that it cannot be reached by disinfectants or destroyed by tempera- 
tures not injurious to the host. Prolonged high or low temperatures, with 
or Avithout moisture in the soil or in cultures, have had little or no effect in 
reducing the vitality of the parasite. Hot Avater treatments, employing 
Amrious combinations of temperature and time of exposure were useless 
because the parasite proved more resistant than the host. 

Numerous combinations of soil types with soil temperature, soil moisture, 
soil pH values, and fertilizers have been tried without success in securing 
clean crops from infested soil or infected planting stock. As a soil disin- 
fectant, chloropicrin (10) was effective in destroying the Fusarium. In the 
chloropicrin- treated plots, even the susceptible gladiolus varieties grew to 
maturity in perfect health, while the same varieties in adjoining, untreated 
plots, developed infection and died before blooming. 

Infected eorms should be disposed of in a manner to prevent spreading 
the disease. Planting stock should be disinfected to destroy surface organ- 
isms. A 5-minute dip in mercurous chloride (Hg 2 Cl 2 ) 3 to 5 ounces in 1 
gallon of water is the most efficient disinfectant tried by the writer. Mer- 
curic chloride (HgCU) 1-1000 for 6 to 8 hours is very efficient. With eorms 
of the ''doughnut^’ type of infection, experiments indicate that disinfection 
before planting results in a degree of control not attained in the usual vas* 
cular type. 
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As this parasite is now widely distributed and persistent in the soil and 
soil disinfection is too costly for large-scale use, the selection and use of 
resistant Yarieties of gladiolus appear to be the surest method of avoiding 
the disease. A number of resistant varieties are available (see list, p. 284) 
covering a wide range of colors and forms. By concentrating on these for 
breeding, a larger number of resistant varieties should be obtained. 

SUMMARY 

A disease of gladiolus, widespread and destructive in the United States, 
is caused by a Fusariim that attacks primarily the vascular tissues of the 
plant. It causes premature yellowing and death of the leaves, and eventual 
destruction of the corm. 

This disease was first observed by the writer in 1923, in corms grown on 
the Pacific Coast from stock originally imported from Europe. Prom the 
West the disease seems to have spread rather rapidly eastward, probably 
largely by distribution of infected planting stock that, in external appear- 
ance, was free from disease. 

The fungus enters the roots and the base of the corm and advances 
upward through the core, browning and destroying the vascular tissues. 
Many badly infected corms have no exterior sign of disease as only in the 
late stages of infection are discoloration and rot apparent on the surface of 
the corm. 

The source of the infection may be either infected planting stock or 
infested soil. Infected planting stock produces poor growth and a poor 
crop or none; the disease is transmitted directly from the infected parent 
corms to any new corms that may develop. Healthy corms planted in 
infested soil become infected chiefly through the roots, both fibrous and 
contractile, or more rarely, through the leaf bases. 

Numerous isolations and inoculation experiments have proved that a 
Fusarium is the cause of the vascular rot. The observed variations in cul- 
tural and morphological characters of the numerous isolates seem insufficient 
to warrant their separation into varieties or forms, since all have in common 
the most important character, the ability to cause a specific disease in the 
gladiolus. 

The essential characters of this Fusarium place it, according to the classi- 
fication of Wollenweber and Beinking, in the section Elegans and sub-section 
Orthoceras. To avoid establishing a new species it is described as a variety 
of the type species : Fusarium orthoceras var. gladioli n. var. 

The optimum temperature for growth of the Fusarium in culture is 23® 
to 26® C. In soil artificially inoculated with the Fusarium, corm infection 
occurred at all the temperatures tried (15® to 32® C.). The optimum soil 
temperature for typical and extensive infection of corms is 22® to 25® C. 

Not all varieties of gladiolus are susceptible to this disease. On the basis 
of the writer ^s tests, 12 varieties are listed as resistant, 30 as moderately 
susceptible, and 11 as very susceptible. Experimental infection has been 
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proved in gladiolus only, but a Fiisarnim very similar to the giadiolns patho- 
gen has been isolated from eorms of Montlretia and Tigridia. 

The Fusarmm can be eradicated from soil with chloropierin but at 
present this is expensive for large fields. Selection of clean corms, fungi- 
cidal dips for planting stock, and planting in uncontaniinated soil, are 
suggested. The most promising means of control is the selection and use of 
resistant varieties. 
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QUANTITATIVE STUDIES WITH CAEBOEUNDUM AND ITS 
USE IN LOCAL-LESION TESTS 

A. S. Cost A 1 

(Accepted for x^ublication Sei:)tember 28^ 1943) 

INTRODUCTION 

The discovery that leaves of various host plants, when rubbed with a 
solution of tobacco-mosaic virus, develop necrotic lesions at the point of 
entrance of infective units into the cells has afforded to plant virus research 
one of its most useful techniques (3). Several improvements on the original 
technique that were mostly directed towards the elimination of certain ex- 
perimental errors have been made. Today the technique of estimating virus 
concentration by local-lesion tests is widely used by plant virologists. It is 
well known that the study of any virus is greatly facilitated if a test plant 
giving satisfactory local lesions is available. More than a dozen plant 
viruses are known to produce local lesions suitable for measuring virus 
activity (5). 

It is generally accepted that, when the leaf surface of a host is rubbed 
with a virus suspension, the infective units gain entrance into wounded cells 
of the epidermis and the trichomes. However, only a relatively small num- 
ber of cells in the surface of the leaf will be wounded in the proper manner 
to support lesion development. Without considering the susceptibility of 
the host, the number of lesions obtained in the inoculated leaves is influenced 
by two main factors : the number of infective units present in the inoculum 
and the number of cells that are wounded in the right manner. It is clear 
that the higher the number of infective units present in the inoculum the 
greater the chance that some will get into properly injured cells. 

It has been pointed out (12) that only a small fraction of the infective 
units of an inoculum succeed in causing lesions. Most of them are lost on 
the surface of the leaf, in the inoculating pad, etc. It is therefore clear that 
the number of lesions will increase as the number of appropriate entry points 
is increased. While the virus concentration may be readily controlled within 
certain limits, it is not so easy to control the number of entry points. How- 
ever, it is possible to increase the number of appropriate entry points by the 
use of abrasives. 

The first abrasive used for plant virus inoculation was sand (2, 10). It 
was found later (8, 9) that carborundum w^as of great value as an abrasive, 
and today its use is widespread for the transmission of viruses difficult to 
pass mechanically. The carborundum or other abrasive particles are be- 
lieved to make small openings in the epidermal cells or hairs that afford an 
entrance for the infective units without killing the cells or wounding them 
severely (9). 

A. Uellow of The Koekefeller Foundation. 
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It is surprising that, in spite of a few good results obtained with abrasives 
in the inoculation of viruses causing local lesions (9, 10), carborundum has 
been little used in determinations of virus activity. Its use has been re- 
stricted almost entirely to the mere transmission of virus diseases. Black 
(1), working with potato yellow-dwarf virus, seems to have been the first to 
use carborundum regularly in local-lesion tests. 

It is the purpose of this paper to show that, by using carborundum in 
local-lesion tests, a manifold increase in the number of lesions is obtained on 
certain host plants with different viruses. The use of carborundum renders 
the test more sensitive, and this permits estimation of the concentration of 
virus preioarations that could not be measured satisfactorily otherwise, 

MATERIALS AND METHODS 

Some of the tests herein reported were carried out at the Department of 
Horticulture, University of "Wisconsin. Others were performed at the De- 
partment of Animal and Plant Pathology, The Eockefeller Institute for 
Medical Research, Princeton, N. J. 

Viruses Used 

Three viruses were used in the tests: ordinary tobacco-mosaic virus 
{Marmor tahaci H. var. vulgar e H.), cucumber-mosaic virus {M. cucumeris 
H. var. vulgare H.), and severe-etch virus (M. erodens H. var. severum H.). 

The inocula were obtained by crushing leaves of diseased plants in a 
mortar and straining through cheesecloth. The plant extract was then 
centrifuged. 

Test Plants 

Plants of NicoUana glutinosa L., of the hybrid N. tahacum L. x N, gluti- 
nosa (6), and of Phaseohis vulgaris L. var. Early Golden Cluster were used 
for tests with ordinary tobacco-mosaic virus. Vigna sinensis (L.) Bndl. var. 
Black was used exclusively for cucumber-mosaic virus. Physalis peruviana 
L. was used for the inoculations with severe-etch virus (5). 

On the tobacco hybrid and Nicotiuna glutinosa, 5 or 6 consecutive leaves, 
as uniform as possible, were used per plant, the other leaves and the top 
being removed before inoculation. Phaseolus and Vigna plants were inocu- 
lated on the first pair of leaves that developed above the cotyledons when 
they were almost three-fourths of their full size. This generally was 10 days 
after sowing. Plants of Physalis peruviana -were u^ed when they had about 
6 good-sized leaves. 

Inoculation 

Inoculations, with the exception of those on Vigna, were made by the 
half -leaf method (10). The carborundum treatment and control were 
inoculated on the two halves of the same leaf. Inoculations were made in 
such a way that each treatment or control would occur the same number of 
times on the right and left halves. The position on the plant also was 
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changed so as to allow the various treatments and controls to occur the same 
number of times at the different leaf positions. With Yigna sinensis the 
carborundum treatment and control were inoculated always on opposite 
leaves of the same plant. 

Two grades of carborundum were used for the majority of tests: a 600- 
inesh type manufactured by Braun-Knecht-Heimann Company, San Fran- 
cisco, California, and a 320-mesh type of silicon carbide manufactured by 
the Carborundum Company, Niagara Falls, N. Y. Carborundum was 
applied in different ways: by dusting with a small duster, by sprinkling 
from a vial with a perforated lid or a vial with cheesecloth around the 
mouth, and by mixing directly in the inoculum. In general, carborundum 
was applied after the control inoculations had been performed. 

The inoculations were made with a small folded piece of cheesecloth 
dipped into the inoculum and then gently rubbed on the entire surface of 
the leaf or half -leaf. Usually 6 strokes were used, but this number was 
increased in the case of the tobacco hybrid to 10 or 12 strokes. Shortly 
after inoculation the leaves were rinsed with water. Lesions were usually 
counted 96 to 120 hours after inoculation except in the case of those pro- 
duced ill Physalis 'peruviana. The lesions obtained on this plant were 
counted 10 days after inoculation. 

EXPERIMENTAL 

Effect of Carborundum on the Number of Local Lesions Caused by 
Ordinary Tobacco-mosaic Virus on the Tobacco Hybrid, 

Nicotiana glutinosa, and Phaseolus vulgaris 

Several trials were performed with these test plants using solutions of 
tobacco-mosaic virus at various concentrations in water or 0.1 M neutral 
phosphate buffer. In all experiments performed with the tobacco hybrid, 
600-mesh carborundum was used, and with Nicotiana glutinosa and Phase- 
olus the 320-mesh type. The results of the experiments performed are pre- 
sented in tables 1 to 3. 

Carborundum increased greatly the number of lesions obtained in these 
3 test plants, as may readily be seen from the tables. The increase was 
greater on Nicotiana glutinosa and Phaseolus than on the tobacco hybrid. 
This discrepancy may, however, be due to the difference in the 2 types of 
carborundum or to other differences, resulting from the fact that the experi- 
ments were performed at different places. 

The increase in number of lesions over the controls, brought about by the 
use of carborundum, seemed to vary somewhat at different dilution levels. 
HoweA^'er, the data are not extensive enough to permit a good comparison of 
the dilution curves with and without carborundum. It can be said that the 
curves are approximately parallel except at high dilutions. Figure 1 shows 
the curves obtained with and without carborundum on the 3 host plants. 

In some experiments the use of carborundum increased the variation. 
This was noticeable only when comparisons were made between samples giv- 
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ing- approximately the same number of lesions per half-leaf. Since the 
yariation tended to increase as the numbers of lesions decreased and since 
carborundum caused an increase in number of lesions, the controls in general 



Fig-. 1. Dilution curves of tobacco-mosaic virus when inoculated with and without 
carborundum on Phaseolus vulgaris var. Early Golden Cluster, Nicotiana tabaGum x N. glu-^ 
iinosa, send N. glutinosa. 


showed a greater variation when comparisons were made between samples of 
the same virus coneentration. 

With the tobacco-hybrid test plants the increase due to carborundum 
was more noticeable in the top leaves, the number of lesions being 8.8, 9.2, 
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TABLE 3. — Effect of cavhoricndimi on the niimher of local lesions caused hy tohacco- 
mosaic virus on Phaseolus vidgaris var. Early Golden Cluster 


Dilution, a treatment, and average number of lesions^ 


Experiment 

No. 

10-3 

‘ 10-4 

10-5 

10-6 

Garbor. 

Control 

Garbor. 

Control 

Garbor. 

Control 

Garbor. 

Control 

1 

460.0c 

14.4 

196.3 1 

4.8 

53.6 

0.3 

6.4 

0.0 

2 

370.0c 

9.1 

124.6 

1.2 

28.4 

0.3 

1.7 

0.0 

3 

416.7c 

7.2 

1 130.6 

2.1 

24.2 

0.1 

3.1 

0.0 

Average 

415.6 

10.2 

150.5 

2.7 

35.4 

0.2 

3.7 

.0.0 


a Diluent 0.1 M neutral pliosphate buffer. 

& Average number of lesions per half -leaf on 30 half -leaves, 
c Number of lesions was estimated. 


13.6, 19.8, and 33.8 times the number obtained with the control preparations 
for the 5 leaves, counting from the bottom. On Nicotiana ghitinosa the 
increase in number was, at the different leaf positions eoiinting from the 
bottom, 35.0, 57.4, 59.3, 50.5, 45.0, and 31.1 times those of the control prepa- 
rations at the same positions. 

The Action of Carborundum Is on the Test Plant, Some experiments 
were made to find out whether carborundum had any action on the virus. 
A solution of tobacco-mosaic virus at 10"'^ in distilled water was divided into 
3 portions. To 2 portions 600-inesh carborundum was added. After this 
had been done, the mixture of virus and corborundum was shaken for a while 
and then the carborundum was filtered out of one of the portions with ordi- 
nary filter paper. The 3 preparations — control, virus solution with car- 
borundum, and virus solution to which carborundum had been added and 
removed — ^were compared on the leaves of the tobacco hybrid test plant. 
The results presented in table 4 show that carborundum had no effect on 
the virus. The preparation to which carborundum had been added and 
removed gave nearly the same number of lesions as the control. 

Methods of Applying Carborundum. A few experiments were carried 
out to try 3 different methods of applying carborundum : sprinkling or dust- 
ing the carborundum on the leaves of the test plant or adding it directly to 


TABLE 4. — Influence of carhorundtm on the number of local lesions caused by 
tobacco-mosaic virus on the hybrid, Nicotiana tdhacuni x N. gluMnosa. Inoculum diluted 
1:10,000 


Experiment 

No. 

Treatment and average number of lesionsa 

; Carborundum added to 
inoculum 

Carborundum added, then 
filtered out 

Control 

1 

269.9 

22.6 

25.0 

, . , 2. 

210.3 

20.8 

15.6 

; ■ 3: ' 

326.2 

33.6 

.29.1.." 

Average 

268.8 

25,7 

' ■' 23.2 

1 ■ ■■ 


a Average number of lesions per balf-leaf on 10 half -leaves. 
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the inoculum. The results of the trials presented in table 5 show that there 
were no significant differences among the methods of applying 600-mesh 
carborundum as tested on the tobacco hybrid test |)lant. 

Comparative Effect of Different Grades of TwO' Abrasives. These ex- 
periments were performed with 5 grades of 2 types of abrasives, carborun- 
dum (silicon carbide) and Aloxite (aluminum oxide). Both powrlers are 
manufactured by the Carborundum Company. 

The inoculum used in these experiments w^as a solution of tobacco-mosaic 
virus at i x 10"^ in 0.1 M neutral phosphate buffer. The abrasives were 
added directly to the inoculum and the tests were made on Nicotiana 
glutinosa. 

The results presented in table 6 show that a great increase in number of 
lesions was brought about by all grades of the 2 abrasives. Carborundum of 


TABLE 5. — Influence of car'borundmn on the number of local lesions caused by 
tobacco-mosaic virus on the hybridj Nicotiana tabacum x N. glutinosa, when applied by 
different methods. Inoculum diluted 1 : 10,000 


Experiment 

No. 

Control 

Method of applying carborundum and average 
number of lesionsa 

Added to 
inoculum 

Sprinkled 
on leaves 

Busted on 
leaves 

1 

19.3 

364.8 

267.5 

291.2 

2 

37.1 

413.5 

484.4 

437.1 

3 

12.4 

192.2 

266.8 

269.5 

Average 

22.9 

323.5 

339.6 

332.6 


a Average number of lesions per half -leaf on 30 half -leaves. 


500-mesh effected the greatest increase in the 3 trials, being significantly dif- 
ferent from the other grades. The other results with carborundum were 
not significantly different from one another. In the Aloxite series the lowest 
grade 280-mesh gave the highest number of lesions. The other results do 
not differ significantly. As a whole, the carborundum grades gave a greater 
increase than Aloxite. The increase in number of lesions for the 2 abrasives 
varied from 33 to 122 times the number of lesions obtained for the control. 

The Use of Carborundum for Local-Lesion Tests with Cucumber-Mosaic 
Virus on Yigna sinensis var. Black 

Plants of Yigna sinensis var. Black have been used for local-lesion tests 
with cucumber-mosaic virus (7). This test has not, however, been con- 
sidered very dependable, the results of lesion counts being sometimes so low 
that they could not be used for estimating virus concentration. The use of 
carborundum when inoculating cucumber-mosaic virus to Yigna gaNe Yery 
good results. Not only was the number of lesions greatly increased, but the 
counts were uniform and always gave a relatively low standard deviation. 
Figure 2 gives an idea of the increase in number of lesions brought about by 
carborundum. 
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Fig. 2. Increase in the number of lesions obtained by use of carborundum. Plants 
representative of experiment 6^ table 7, dilution 1: 5. (Photograph by J. A. Carlile.) 

Two series of experiments were made with Vigna. Carborundum 320- 
mesh was used in both. In the first series distilled water was used as a 
diluent and in the second the dilutions were made with 0.1 M neutral phos- 
phate buffer. The inoculum was taken from tobacco plants that had shown 
symptoms for 5 to 15 days. 

Examination of the data presented in table 7 shows that the number of 
lesions obtained for the controls was very low, even when the inoculum was 
undiluted. In most experiments a satisfactory estimate of the virus concen- 
tration could not be based on the figures obtained for the controls. The use 
of carborundum increased greatly the number of lesions and permitted a 
comparison between the preparations of different concentrations. Table 8 


TABLE ^.—Standard deviation in 'percentage of the mean of local lesion testi 
with cucumber-mosaic virus and carborundum on Vigna sinensis var, Blaclc 


Dilution, diluent, and standard deviation in percentage of the mean 


Experiment 

No. 

Distilled water 

1 0.1 M neutral phosphate buffer 


Undiluted 

1: 5 

1: 25 

T: 125 

Undiluted 

1: 5 

1: 25 

1: 125 

1 

16.1 

11.8 

15.5 

27.9 

11.3 

7.6 

6.4 

8.9 

2 

11.5 

11.8 

15.5 i 

24.0 

10.5 

5.6 

,■■■■'9.7 ■ 

15.8 

3 

16.7 

16.8 

22.7 

30.0 

16.7 

7.9 

10.5 

13.3 

Average 

14.8 

13.5 

17.9 

27.3 

12.8 

7.0 

8.9 

12.7 
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gives the standard deviation in percentage of the mean obtained in these 
experiments. The deviations are relatively small and permit fairly accurate 
comparisons. 

It is interesting to note that the use of 0.1 M neutral phosphate buffer as 
a diluent increased the number of lesions in comparison with distilled water. 
It also decreased the standard deviation even if allowances are made for 
the greater number of lesions obtained. In the experiments performed with 
phosphate buffer as a diluent, the samples of virus diluted to 1 : 5 gave a sig- 
nificantly higher number of lesions than the undiluted juice. In one experi- 
ment a further dilution to 1 : 25 increased the number of lesions still more. 
This might suggest that the solutions were not properly buffered until the 
dilution had been increased to 1 : 25. In one of the experiments using dis- 
tilled water, the preparation diluted to 1 : 5 also showed an increase over 
the undiluted inoculum. Figure 3 represents the curves obtained with and 
without the use of carborundum. 

The increase in number of lesions due to the addition of 0.1 M neutral 
phosphate buffer is apparently to be attributed to the change of pH of the 
preparation. These results are, however, different from those obtained by 
Stanley (11). In his experiments, cucumber-mosaic virus was inactivated 
as the hydrogen-ion concentration was increased or decreased from pH 5.7. 

It has been noticed that the use of carborundum in experiments with 
Vigna permits to a certain extent the use of plants of different ages without 
inconvenience. 

Carborundum in Tests with Tobacco Severe-etch Virus on 
Physalis peruviana 

Only a preliminary experiment was made with this virus. The results 
of the test made during the summer showed that the half -leaves inoculated 
without the abrasive had an average of 6.5 lesions per leaf, whereas the use 
of carborundum increased the average number of lesions to 123.8. 

According to Holmes (5), it is difficult to obtain a satisfactory number of 
lesions in tests made during the summer. Under summer conditions the 
leaves of the plants are thicker and tougher than those grown in other sea- 
sons. Carborundum may prove of use in this situation, making the test 
feasible during the warm season. 

DISCUSSION 

It had already been shown by Samuel and Bald (10) that 120-mesh sand, 
used as an abrasive, increased the number of local lesions caused by a yellow- 
mottling strain of tobacco-mosaic virus on NicoUana glauca Grab, and A. 
t(il)(tcuM as tested by the iodine technique (4) and also on A. glutifiosa. 
Eawlins and Tompkins (9) showed that the number of local lesions caused 
by tomato spotted-wilt virus on A, gMmom greatly increased by the 
use of carborundum. Black (1) reported good results with carborundum 
when inoculating potato yellow-dwarf virus on A. rustica. The experiments 
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lierein reported witli 3 viruses and 5 different host plants show that a great 
increase in the number of local lesions is obtained in these plants by the use 
of carborundum as an abrasive. Good results with carborundum in the 
transmission of certain diseases difficult to transmit mechanically have also 
been obtained by other authors in numerous eases. These results suggest 
that the entrance of all these viruses into the cells of various host plants 
when inoculated by rubbing involves the same or a similar mechanism. It 
seems very likely that carborundum or other abrasives also will increase the 
number of lesions for other viruses in other host plants. 

Carborundum apparently renders the local-lesion tests more sensitive. 
This may be of little advantage with some viruses. However, under certain 
circumstances listed below its use may be profitable. 

When submitting virus preparations to different treatments in which the 
titer is so decreased that accurate determinations cannot be made by ordi- 
nary means, the use of carborundum might permit such determinations. 

Many viruses do not attain a high titer in plant juice. Unless they can 
be concentrated, their dilution curves cannot be studied satisfactorily by 
local-lesion tests. Carborundum increases the dilution range and w^oulcl 
help in these eases. 

The use of carborundum permits tests to be made with more dilute solu- 
tions. This at the same time dilutes other substances present in the in- 
oculum and minimizes their possible interference. In testing mixtures of 
virus-inhibitor or virus-inactivator on dilution, carborundum may be useful. 

In tests to determine end points, the use of carborundum might be 
advantageous. 

It also seems advisable to use carborundum when searching for a host 
plant producing local lesions. 

The writer wishes to thank Dr. L. 0. Kunkel and Dr. F. 0. Holmes for 
advice and criticism offered during this investigation and in the preparation 
of the present manuscript. 

SUMMARY 

Experiments with ordinary tobacco-mosaic virus on Nicotiana tabacum 
xN, gluimosa, N. glutinosa^ and Phaseolus vulgaris var. Early Golden 
Cluster showed that the number of local lesions is greatly increased by the 
use of carborundum as an abrasive. The same is true for severe-etch virus 
on Phy sails peruviana and for cucumber-mosaic virus on Yigna sinensis var. 
Black. 

The local-lesion test with cucumber-mosaic virus on Yigna sinensis var. 
Black is greatly improved by use of carborundum, which permits the esti- 
mation of virus concentration in samples that could not be measured other- 
wise. The use of 0.1 M neutral phosphate buffer as a diluent for cucumber- 
mosaic virus also increased the number of lesions in comparison with distilled 
water and decreased the standard deviation. Preparations diluted to 1: 5 
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with 0.1 M phosphate buffer gave a higher number of lesions than the undi- 
luted preparations. 

Carborundum has no action on tobacco-mosaic virus. Samples to which 
carborundum was added and removed behaved like the controls. 

. Three methods of applying carborundum (dusting, sprinldingv and add- 
ing to the juice) gave apparently the same results with tobaeco-mosaic virus 
on the hybrid, Nicotiama iabacum x N. gliitinosa. 

Five grades of 2 abrasives varying from 280-inesh to 600-inesh were tried. 
Carborundum 500-mesh gave the best i^esults among the different grades of 
this abrasive, as did Aloxite 280-mesh in the Aloxite series. However, the 
results are more or less approximate and any of the grades of either carbo- 
rundum or Aloxite effected a large increase in number of lesions as compared 
with the controls on Niootiana gliitinosa. As a whole, the carborundum 
grades gave a higher number of lesions than Aloxite. 

From the Department op Animal and Plant Pathology op 
THE Rockefeller Institute for Medical Research, 

Princeton, New Jersey. 
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STUDIES OF STEM EUST (PUCCINIA GRAMINIS) PROM POA 
AMPLA, AVENA FATUA, AND AGROPYEON SPICATUM 
IN THE PULLMAN, WASHINGTON, REGION^ 

George W. Fischer anb Carl E. Claassen^ 

(Accepted for publication October 2, 1943) 

INTBODUCTION 

111 the Pacific Northwest during recent seasons stem rimt (Pit ccinia 
graminis Pers.) has been a destructive disease of grasses and cereals. Dur- 
ing* the past several years reports have been made on the incidence of disease 
in native and introduced grasses in the Pacific Northwest, and stem rust has 
always been prominent among the diseases reported (10, 11, 23). In the 
most extensive of these reports on grass diseases in certain western States 
(13), 81 species and varieties of grasses were listed as showing more or less 
infection by stem rust in 1941 alone. It seems probable that more than 100 
species of grasses and cereals serve .as hosts to Puccmia grammis in the 
Pacific Northwest. It is doubtful if any other region of the United States 
has stem rust on as wide a range of host species. In spite of this, however, 
surprisingly little work has been done on host relationships, variety identi- 
fication, and physiologic race surveys in the stem rust problem in the Pacific 
Northwest. 

In 1940, late-sumnier and early-fall weather conditions contributed to epi- 
phytotic development of stem rust on many grasses in the Pullman, Washing- 
ton, area, especially Agropyron, ElymiiB, and Poa spp. At this time collec- 
tions were made of stem rust on wild oats {Avena f atua L.) , blue bunch wheat- 
grass {Agropyron spicaium (Pui'sh) Scribn. and Smith), and big bluegrass 
{Poa ampla Merr.) for greenhouse study during the fall, winter, and spring 
(1940-41). Of especial interest was the stem rust on bluegrasses, which 
was reporteid on twelve Poa spp. (11). Only one variety of stem rust (P. 
graminis poae) has been known to be commonly associated with Poa spp. 
and this only in Europe, Russia, and a limited region in the central States 
.of this country (28). In 1937 D. C. SmitlP sent, among other stem-rust 
collections made at Pullman, a collection on P. nevadensis to M. N, Levine, 

1 Investigations of the Division of Forage Crops and Diseases, Bureau of Plant In- 
dustry, Soils, and Agricultural Engineering, Apieultural Keseareh Administration, United 
States Department of Agriculture, in cooperation with the Soil Conservation Service, Divi- 
sion of Nurseries, U. S. Department of Agriculture, and the Washington State Agricultural 
Experiment Station, Pullman, Washington. Published with the approval of the Director 
as Scientihc Paper No. 555. ' . 

^ Associate Pathologist, Division of Forage Crops and Diseases, Bureau of Plant In- 
dustry, Soils, and Agricultural Engineering, and Assistant Agronomist, Nebraska Agri- 
cultural Experiment Station, respectively. Junior writer formerly Graduate Assistant, 
Division of Agronomy, Washington State Agricultmml Experiment Station. The writers 
are indebted to M. N. Levine, Pathologist, Division of Cereal Crops and Diseases, for valu- 
able suggestions regarding the interpretations of the data and the preparation of the 
manuscript. 

3 Formerly of the Division of Forage Crops and Diseases, Bureau of Plant Industry, 
Agricultural Eesearch Administration, U. S. D. A. * 
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Pathologist, U. S. Dept, of Agriculture, stationed at University Farm, St. 
Paul, Minn. Dr. Levine identified the collection as P. graminis avenae race 
2. This is only the second record of a Poa spp. harboring any variety but 
P. graminis poae.^ It was obvious, then, that the stem rust prevalent on 
Poa spp. and other hosts in the Pullman area merited further study. 

materials and methods 

Single-spore cultures of 3 stem-rust collections were obtained by increas- 
ing inoculum from a well-isolated sorns of each of these rusts on a sparsely 
infected, highly susceptible host. The rust from Poa ampla was propa- 
gated on plants of this species ; the rust from Avena fahta was propagated 
on seedlings of Markton. oats (G.I. 2053) ; and that from Agropyron 
spicatum on Elymus glaueus Buckl. 

The various species and accessions of grasses^ tested were grown in the 
greenhouse in 2|-in. pots. Bach pot contained 5-15 plants. Inoculations 
with the 3 cultures were performed in different corners of the same green- 
house, and to some extent in different greenhouses. Whenever the reading 
for any given accession was similar for more than one of the rust collections, 
indicating possible contaminations, several accessions of grasses known to be 
susceptible to only one collection were inoculated with the rust in question. 
Inoculations were made by spraying fresh spore suspensions with an atom- 
izer or by direct application of spores from heavily infected highly suscep- 
tible plants. The inoculated plants were incubated 30-48 hours under sev- 
eral layers of wet sheeting. Infection data were taken 14^16 days after 
inoculation and classified according to type of infection from 0-4, as de- 
scribed by Stakman and Levine (27). 

Most of the grasses employed in these studies are listed in the tables in 
the following pages. Since it is not practicable to give authorities for 
binomials listed in the tables and, since immune species are not included 
therein, a complete list of the species tested follows:® 

Agropyron caninum (L.) Beauv., A. ciliare (Trin.) Franch, A, cris- 
tatnm (L.) Gaertn., A. dasystachynm (Hook.) Scrib., A, elmeri Seribn., A. 
desertorum (Fisch.) Schult., A. elongatum (Host) Beauv., A. inerme 
(Seribn. and Smith) Eydb., A. intermedium (Host) Beauv., A. repens (L.) 
Beauv., A. semicostatum {Bteud.) ISiees, A, sibiricum (Willd.) Beauv., A. 
smithii Eydb., A, spicatum (Pursh) Seribn. and Smith, A. subsecundum 
(Link) Hitchc., A. trachycaulum (Link) Malte, A. trichophorum (Link) 
'Richt;Agrostis alba L., A. castellana Boiss. and Eeut., A. exarata Trin., A. 
scabra Willd., A. palustris Huds., A. scabriglumis Boiss. and Kent., A. spica- 
venti L., A. stolonifera L., A. Sibth.; Alopec%mts prat ensis h,; 

Arrhenatherum elatius (L.) Presl. j Bromus arvensis L., B. brevis Nees, B. 
brizaeformis Fisch. and May., B. carinatus Hook, and Arn., B. catharticus 

^Stakman (24) successfully transferred stem rust from Poa nemoralis to oats, while 
Stakman et al (29) isolated physiologic races 1 and 2 from Poa triviaUs colleeted at 
Lafayette, Indiana, in 1921. 

5 Mostly contributed by the Pullman nursery unit of the Soil Conservation Service. 

6 Insofar as possible the nomenclature given by Hitchcock (14) is followed. 
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Valil., B, commutahcs Schrad., B. erectiis Huds., B. inermis Leyss., B, 
japonic'us Thnnb., B. macrostachys Desf., B, macrostachys var. lanuginosus 
(Poir.) Cos. and But., B. madritensis L., B. mollis L., B. piirgans L., B. 
rigidus Both., B. ruhens L., B. secalimis h., B. sqioarrosus L., B. tectomm 
Jj., B. tomentellus Boiss., B. vulgaris (Hook.) Sehear; Dactylis glomerata 
L. ; Danthonia pilosa E. Br., D. semiannulosus (Labill.) E. Br., H. unispicata 
(Tlmrb.) Munro; Deschampsia caespitosa (L.) Beauv., D. elongata (Hook.) 
Munro ; Elymus canadensis L., E. glaiicus Buekl., E. triiicoides Bnckl., E. 
villosus MnhL, E, virginicus L., E. virginicus var. intermedius (Vasey) 
Bush; Festuca elatior h., F. idahoensis Elmer, F. ohtusa Spreng., F, occi- 
dentalis Hook., F. octoflora Walt., F. ovina L., F. rubra L., F. scabrella 
Torr., F. ThurberiYsiSej, F. viridula Ysisej ; Olyceria elata (Nash.) Hitcke., 
G. grandis S. Wats., 0. pauci flora PresL, G. striata (Lam.) Hitchc. ; Eolcus 
lanatus L. ; Eordeum brevisubulatum (Trin.) Link, H. bulbosiim h., H. 
gussoniamim Park, H. jubatum L., H, jubatum var. caespitosum (Scribn.) 
Hitcb., JS. nodosum L. ; Koeleria cristata (L.) Pers. ; Lolium perenne L. ; 
Phalaris arundinacea L. ; Phleum phleoides (L.) Karst., P. pratense L. ; Poa 
ampla Merr., P. annua L., P. arida Vasey, P. attenuata Trin., P. bulbosa 
L., P. canbyi (ScTihii.) Piper, P. compressa L., P. curta Eydb., P. cusickii 
Vasey, P. epilis Seribn., P. glaucifolia Seribn. and Will., P. gracillima Vasey, 
P. interior Eydb., P. juncifolia Seribn., P. nemoralis L., P. nervosa (Hook.) 
Vasey, P. nevadensis Vasey, P. palustris L., P. pratensis L., P. scabrella 
(Thiirb.) Benth., P. secunda PresL, P. sphondylodes Trin., P. stenantha 
Trin., P. sterilis Bieb., P. sylvestris A. Gray; Sitanion hystrix (Nutt.) J. G. 
Smith, 8, jubatum J. G. Smith; Trisetum flavescens (L.) Beauv., T. spicahtm 
(L.) Richt. 

The following cereals were included : Avena byzantina C. Koch, A. fatua 
L., A. nuda L., A. sativa L. ; Secale cereale L., Triticum aestiviim L. 

The biometrical studies of the urediospores of the 3 stem-rust collections 
used in the present experiments are based on lengths and widths of 150 
spores of each collection. Care was taken to obtain only the superficial 
spore layers of several mature rust pustules. The spores were mounted in 
hot lacto-phenol. 

RESULTS 

One hundred and twenty-three species of grasses and cereals, in 23 
genera, were used in the host-range studies of the 3 collections of Puccinia 
graminis from Agropyron spicatum, Avena fatua^ and Poa ampla. A tabu- 
lar summary of the general reaction of these 23 genera to the 3 stem-rust 
collections is given in table 1. 

A glance at table 1 shows that the strain of Puccinia graminis from Poa 
ampla has a surprisingly extensive host range. Within 14 genera, 34 species 
of grasses and cereals showed more or less susceptibility. Less extensive is 
the host range of the strain of stem rust from wild oats. Here 18 species 
in 9 genera proved susceptible. In marked contrast is the very narrow host 
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range of the stem rust from Agropyran spicahim to which 7 species in only 
3 genera are susceptible, and these are all of the same tribe (Hordeae). 

All analysis of the comparative reaction of the numerous species and 

TABLE 1 . — General reactions of ^3 genera of grasses and cereals to stenn rust col- 
lected locally on Poa ampla, Avena fatua, and Agropyron spicatum, near Pullman 
Washington ’ 


Eeaction 

of 

genera 



Source of collections 



Poa ampla 

Avena fatua 

Agropyron 

spicatum 

Eesistant 


No. 


No. 


No. 

(Infection 


spp. 


spp. 


spp. 

type 0-2) 

Agropyron 

... 17 

Agropyron 

.. 17 

Agrovyron 

13 


Agrostis 

... 6 

Agrostis 

.. 9 

Agrostis 

9 


A rrJi enath enini 

... 1 

Alopecurus 

.. 1 

Alopecurus 

1 


Avena 

2 

Bromus 

.. 20 

Arrhenatlie 

rum ... 1 


Bronviis 

... 20 

Panthonia 

.. 3 

Avena 

1 


Panilionia 

... 3 

Flymus 

.. 6 

Bromus 

21 


Plynms 

... 6 

Festuca 

.. 7 

Pactylis 

1 


Festuca 

.„ 6 

Glvceria 

.. 2 

Panthonia 

3 


Eolcus 

... 1 

Eolcus 

.. 1 

PescJicmnsia 2 


Sordeum 

... 5 

EoTde%tm 

.. 6 

Flymus 

5 


Lolium 

... 1 

Lolium 

.. 1 

Festuca 

10 


Phleum 

... 1 

Phleum 

.. 2 

Glyceria ... 

2 


Poa 

... 15 

Poa 

.. 26 

Eolcus 

1 


Seeale 

... 1 

Seeale 

.. 1 

Eordemn 

6 


Sitanion 

... 2 

Sitanion 

2 

Koeleria ... 

1 


Trisetum 

... 1 

Tritiewm 

.. 1 

Lolium 

1 


Ty'iticum 

... 1 



Phalaris ... 

1 






Phleum 

2 






Poa ... 

25 






Seeale 

1 






Trisetum 

2 






TriUc'um 

1 

Susceptible 

Agrostis 

... 3 

Arrhenatherum 

.. 1 

Agropyron 

4 

(Infection 

Alopeciinis 

... 1 

Avena 

,. 4 

Flymus 

1 

type 3-4) 

Avena 

2 

LactyUs 

.. 1 

Sitanion ... 

2 


Promiis 

1 

Peschampsia 

.. 2 




1 Pactylis 

... 1 

Festuca 

.. 3 




Deschampsia 

2 

Koeleria 

.. 1 




Festuca 

3 

Phalaris 

.. 1 




Glyceria 

.. 3 

Poa 

3 




Eordeum 

.. 1 

Trisetum 

.. 2 




Koeleria 

.. 1 






Phalaris 

.. 1 






Phleum 

... 1 






Poa 

... 13 






Trisetum. 

... 1 





Totals (sus- 




— 


' — 

ceptible) 


34 


18 


7 


accessions of grasses and cereals included in this experiment to the three 
stem-rust collections is given in table 2 . 

The data in table 2 emphasize those in table 1, showing further the con- 
siderable host range differences between the 3 collections of stem rust used 
in these studies. The range of the Poa rust is especially surprising, since 
it included grasses in 5 different tribes: Phalaridae^ Avenae^ Festucaej 
Agrostideae, and Eordeae. In contrast, only 1 tribe {Hordeae) is repre- 
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TABLE 2. — Comparative reaction of various grasses and cereals to cultures of Fuc~ 
cinia graminis isolated from Foa ampla, Avena fatua, and Agropyron spicaUim, near 
Fulhnan, Washington 




Original hosts 


Sxxecies and varieties 

Accession 

number 

Foa 

ampla 

Avena 

fatua 

Agropyron 

spicatum 



Infection type 


Agropyron 





dasystachyim 

P 7801a 

0 

0 

3 

elmeri 

P 1824 

0 

2 

2 

merme 

P 2697 

0 

1 + 

0 

inerme 

P 2792 

0 

0 

4 

inerme 

P 2522 

0 

0 

2 

smitliii 

E 279 

0 

0 

3 

spicatum 

P 3548 

0 

0 

4 

spicatum 

P 2719 

0 

0 

4 

tracliycaulum 

E 6 

0 

0 

1 

trachycauhim 

P 5365 

0 

0 

1 

Agrostis 




0 

alba 

P 2431 

4 

0 

alba 

P 2429 

4 

0 

0 

alba j 

P 78 

3 

0 

0 

castellana i 

P 2328 

2 

0 

0 

exarata | 

P 750 

3 

0 

0 

palustris 

P 4462 

2 + 

2 

0 

spica-venti | 

P 75 

3 

0 

0 

stolonifera 1 

P 77 

2 

0 

0 

striata 

P 3176 

2 + 

0 

0 

tenuis 

P 2434 

2 

1 0 

0 

Alopecurus 




0 

pratensis 

P 124 

4 

2 

Arrhenather iim 





elatius 

P 3052 

2 

4 

0 

elatius 

P 4295 

2 

4 

0 

elatius 

E 78 

0 

3 

0 

elatius 

P 1719 

0 

4 

0 

Avena 

bysantina 





^^Nortex^^ 

C.I. 2382 

4 

4 

“• 

fatua 


4 

4 


mida 





^'Chinese Hulless^^ 


0 

4 

- 

sativa 





' ' Anthony ^ ^ 

C.I. 2143 

0 

4 


Bannock 

C.I. 2592 

0 

4 


Boone 

C.I. 3305 

0 

1 + 

— 

Eulton 

C.I. 3327 

0 

4 + 

- 

Green Eussian 

C.I. 2344 

0 

4 


Hancock 

C.I. 3346 

0 

1 

— 

Joanetta 

Wn. 2331 

0 

4 

_ 

Marion 

C.I. 3247 

0 

1 

— 

Markton 

C.I. 2053 

0 

4 

0 

Marida 

C.I. 2571 

0 

4 

— 

Eainhow 

C.I. 2345 

0 

1 

- 

Eed Eustproof 

C.I. 458 

0 

4 


lowar 

C.I. 847 

0 

4 

— 

Victory 

C.I. 1197 

0 

4 



accessions are those of the Pullman Nursexy Unit of the Soil Conservation 

Service. 

accessions are those of the Washington Agricultural Experiment Station, 
accessions are those of the senior author. 

C.I. accessions are those of the Division of Cereal Crops and Diseases; Bureau of 
Plant Industry. 
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TABLE 2 — (Continued) 





Original hosts 


Si)ecies and varieties 

Accession 

number 

Boa 

ampla 

A vena 
fatua 

Agropyron 

spicatum 




Infection type 

Bromus 

hrisaeformis 

P 2578 

2 + 

1 

0 

carinatus 

P 2725 

1 

0 

0 

commutatus 

P 193 

2 + 

2 

0 

macrostachys 

P 151 

2 

0 

0 

maerostachys var. 





lanuginosiis 

P 152 

2 + 

2 

0 

onadriiensis 

P 150 

1 + 

0 

0 

mollis 

P 153 

2 

2 

0 

purgans 

P 354 

1 

~ 


rigidus 

P 275 

1 + 

1 + 

0 

rtihens 

P 146 

3 

1 

0 

squarrosus 

P 143 

2 

1 

0 

tectorum 

P 165 

1 + 

1 + 

0 

Bactylis 




glomerata 

P 187 

4 

4 

0 

glomerata 

P 952 

4 

3 

0 

Desehampsia 





caespitosa 

P 779 

4 

4 

0 

elongata 

P 956 

4 

4 

0 

Blymus 





glaucus 

P 127 

0 

0 

4 

glaucus 

P 1848 

0 

0 

4 

glauous 

P 1851 

0 

0 

4 

glaucus 

P 2662 

0 

_ 

4 

glaucus 

P 3572 

0 

0 

4 

glaucus 

P 3562 

1 

0 


sibiricus 

P 214 

0 

0 

1 

iritieoides 

P 2714 

2 

0 

0 

virginicus 

P 133 

0 

0 

1 

Festuca 




idaJioensis 

P 2807 

3 

0 

0 

octoflora 

P 3130 

4 

4 

0 

rubra 

P 2347 

3 

0 

0 

thurberi 

P 5521 

2 + 

3 

0 

viridula 

P 5060 

3 

0 

Glyceria 




data 

P 1816 

3 

— 


grandis 

P 4970 

4 

0 

0 

striata 

P 3719 

3 




JSordeum 





brevisubulatum 

P 303 

1 + 

0 

0 

gussonianum 

P 116 

2 + 

1 + 

, 2 

gussonianum 

P 118 

2 + 

0 

1 

jubatum var. 



caespitosum 

P 334 

1 + 

0 

1 

nodosum 

P 122 

1 + 

0 

0 

nodosum 

P 169 

2 + 

0 

0 

nodosum 

P 2723 

3 

0 

0 

Koeleria 



cristata 

P 1875 

4 

3 

0 

eristata 

P 2648 

4 

3 + 

0 

BJialaris 



anmdinaoea 

P 2368 

4 

■' 3+ ■ ■ , 

0 

PJileum 




phleoides 

P 2490 

3 

1 

'■ ■ '0: 
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TABLE 2 — (Continued) 




Original hosts 


Species and varieties 

Accession 

number 

Foa 

ampla 

Avena 

fatua 

Agropyron 

spicatum 



Infection type 


Foa 

ampla 

38 PE 395i> 

4 

2 

0 

aynpla 

38 PR 407 

4 

1 

0 

ampla 

38 PR 411 

4 

0 

0 

ampla 

38 PR 419 

4 

2 

0 

ampla 

38 PR 493 

4 

0 

0 

ampla 

38 PR 749 

4 

3 

0 

ampla 

None 

4 

1 

0 

ampla 

P 846 

4 

2 

0 

ampla 

P 910 

4 

1 + 

0 

ampla 

P 914 

4 

1 

0 

ampla 

P 996A 

4 

2 + 

0 

ampla 

P 996B 

4 

2 

0 

ampla 

P 999 

4 

2 + 

0 

ampla 

P 1000 

4 

1 

0 

ampla 

P 1880 

4 

2 

0 

ampla 

P 1883 

4 

0 

0 

ampla 

P 1888 

4 

0 

0 

ampla 

P 2534 

3 

0 

0 

ampla 

P 2716 

4 

0 

0 

ampla 

P 2800 

4 

0 

0 

ampla 

P 3317-4 

4 

0 

0 

ampla 

P 3446 

4 

0 

0 

ampla 

P 3482 

4 

0 

0 

ampla 

P 3935 

4 

0 

0 

ampla 

P 5002 

4 

0 

0 

ampla 

P 5113 

4 

1 

0 

ampla ' 

P 5731 

4 

0 

0 

ampla 

P 5732 

4 

0 

I 0 

ampla 

P 5895 

4 

0 

0 

ampla 

P 6239 I 

4 

2 

1 0 

ampla 

P 6252 

4 

0 

0 

ampla 

P 6303 

4 

1 

0 

ampla 

P 8903 

4 

2 

0 

arida 

P 5110 

3 + 

0 

0 

attenuata 

P 405 

4 

0 

0 

dulhosa 

P 2788 

4 

4 

0 

'bultosa 

P 5011 

2 

3 + 

0 

bulbosa 

P 5727 

4 

4 

0 

canbyi 

38 PR 399 

3 

1 + 

0 • 

canhyi 

38 PE 453 

3 

0 

0 

canbyi 

38 PR 759 

4 

1 

0 

canbyi 

38 PR 760 

2 + 

0 

0 

canbyi 

38S 1535-1536 

3 

0 

0 

canbyi 

38S 1539-1540 

2 + 

0 

0 

canbyi 

38S 1541-1542 

2 + 

0 

0 

canbyi 

38S 1543-1544 

3 

1 

0 

canbyi 

38S 1547-1548 

2-i- 

0 

- 

canbyi 

P 844 

3 + 

0 

0 

canbyi 

P 1884 

4 

2 

0 

canbyi 

P 2756 

4 

0 

0 

canbyi 

P 3321 

4 

2 + 

0 

canbyi 

P 4052 

4 

1 

0 

canbyi 

P 6235 

4 

2 

0 

canbyi 

P 7646 

4 

0 

0 

curta 

P 2742 

4 

1 

0 

cnsicMi 

P 906 

2 

0 

0 

ciisickii 

P 1886 

2 

. 0 

0 


Accessions with designations of this sort are selections made by B. C. Smith, for- 
merly of the Bureau of Plant Industry. 
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TABLE 2 — ( Continued ) 




Original hosts 


Species and varieties 

Accession 

number 

Poa 

ampla 

Avena 

fatua 

Agropyron 

spicatum 



Infection type 


epilis 

P 2743 

3 

0 

0 

glaucifolia 

P 5506 

4 

4 

0 

gracilUma 

P 850 

4 

1 

0 

gracilUma 

P 1904 

3 + 

1 

0 

interior 

P 5502 

1 

0 

0 

juncifolia 

38 PE 401 

4 

2-^ 

0 

jnncifolia 

38 PE 403 

4 

1 

0 

juncifolia 

38 PE 404 

4 

0 

0 

juncifolia 

38 PE 405 

4 

2 

0 

juncifolia 

38 PE 406 

4 

0 

0 

juncifolia 

38 PE 527 

4 

1 

0 

juncifolia 

P 837 

4 

0 

0 

juncifolia 

P 1882 

4 

2 

0 

juncifolia 

P 1884 

4 

0 

0 

nervosa 

P 1894 

1 

1 

0 

nervosa 

P 1898 

2 

- 

0 

nevadensis 

38 PE 486 

4 

2 + 

0 

nevadensis 

P 5014 

4 

- 

0 

nevadensis 

P 5017 

3 + 

0 

0 

nevadensis 

P 6281 

3 

2 

0 

pratensis 

P 426 

1 

0 

0 

scabrella 

P 2680 

3 

0 

0 

scabrella 

P 2682 

3 

2 

0 

secunda 

P 3795 

3 

0 

0 

secunda 

P 4858 

3 

2 

0 

secunda 

P 5711 

3 

1 + 

0 

sphondylodes 

P 3021 

1 

0 

0 

Secale 





cereals 

bulk E. no No. 

0 

1 + 

1 

Selection 2B’’ 


0 

0 

0 

^ ^ Omskaia ^ ’ 


0 

0 

0 

Yelislgen^’ 


0 

0 

0 

Sitanion 





hystrix ^ 

F 278 

0 

0 

3 

jubatum 

P 3360 

0 

0 

4 

Trisetim 





flavescens 

P 461 

1 

3 + 

0 

spicatum 

P 2381 

4 

4 

0 

Triticim 

aestivum 





11 varieties^ 


0 

0 

0 

Other species*^ 


0 

0 

0 


e Athena (CJ. 11693), Eederatioii (C.I. 4734), Hybrid 128 (C.I. 4512), Jenkin (O.I. 
5117), Kharkof (C.I. 1442), Oro (C.I. 8220), Requa (C.I. 1554), Bex (O.I. 10065), 
Tenmarq (O.I. 6939), Turkey (C.I. 6175), Togo (O.I. 8033). 

The species that proved to be immune from all 3 of the stem-rust cultures are as 
follows: Agropyron canimm, A. ciliare, A. cristaium, A, desertomm, A. elongatum, 

A. intermedium, A. repens, A, semicostatim, A, siMrioum, A, suhsecundum, A. tri- 
chophorum; Agrostis scahra, A. scahriglumis; B^'omus arvensis, B, 'brevis, B. eatharticus, 

B. erectus, B. inermis, B. japonicus, B. secalmus, B, tomentellus, B. vulgaris ; Elymus 
canadensis, B. triticoides, B. villosus, B. virginicus yht. intermedius ; Festuea elatior, 
F. obtusa, F. oecidentalis, F. ovina, F. rubra, F. scabrella; Glyceria pauci flora; Holcus 
lanatus; Eordeum bulbosum, H, jubatum ; Lolium perenne ; Phleim pratense; Poa 
annua, P. compressa, P. nemoralis, P. palustris, P, pratensis, P. stenantha, P. sterilis, 
P. sylvestris. 
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sented in the very limited host range of the stem-rixst culture from Agro- 
pyron spicaUtm, Some evidence of parallelism may be noticed between the 
rust from Foa ampla and that from Avena faiua. However, the two are, 
nevertheless, sharply distinguished by the reaction of such species as Agros- 
tis alba, Foa ampla, F, canhyi, F. jtincifolia, and wild and cultivated oats. 
The Poa rust is innocuous on oats and the oat rust is similarly weak on most 
of the Po(2 spp. 

It is worthy of note that, although nearly 40 accessions of Foa ampla 
were included in these experiments, none showed any resistance. This was 
disappointing, since the heavy infestations of stem rust in plots and increase 
fields of this grass had prompted an attempt to find resistant accessions that 
might be substituted for the highly susceptible accessions now being used. 
On the basis of the results obtained it seems unlikely that any marked resis- 
tance of F. ampla to stem rust will be obtained by selection. 

Comparative Morphology 

Since it has been shown (17) that spore morphology can be used as 
additional evidence in the identification of varieties of Fiwcinia graminis, 


TABLE 3 . — A comparison of lengths and widths of urediospores of the mrietal 
complexes of Piiccinia graminis with those of three collections of stem rnst from Agro- 
pyron spicatum, Avena fatua, and Foa ampla 


Varietal complexes or isolates 
from local stem rust 
eolleetious 

Mean 

Number 
i of 

measure- 
ments 

Length 

Width 

Eust varieties reported in literature : 


' 


F.g. tritici (17) a 

32.40 + 0.19 

19.79 + 0.06 I 

200 

secalis (17) 

27.14 + 0.14 

17.19 + 0.06 

200 

avenae (17) 

28.50 ±0.15 

19.94 + 0.07 

200 

phleipratensis (17) 

23.95 + 0.12 

16.88 + 0.06 

200 

agrostidis (17) 

22.37 + 0.12 

15.68+0.05 

200 

poae (28) 

1 18.64 ±0.10 

15.78 ± 0.07 

100 

Eust strains isolated from : 




Agropyron spicatum 

29.35 + 0.13 

16.98 + 0.09 

150 

Avena fatua 

25.98 + 0.09 

17.08 + 0.06 

150 

Foa ampla 

24.81 + 0.11 

16.18 + 0.06 

150 


a Refers to Literature cited. 


biometrical studies were made of the urediospores of the 3 cultures of stem 
rust. One hundred and fifty mature spores of each collection on a highly 
susceptible host were measured for length and width. A comparison of the 
measurements thus obtained with the established measurements (17, 27) of 
the 6 varieties of Fuccmia graminis xeeognized as occurring in the United 
States, is shown in table 3. As will be mentioned later the collections of 
stem rust on which the present paper is based do not conform, biometrically 
to an}^ of the 6 varieties of P, graminis. However, since Levine (18) and 
Waterhouse (37) have shown that some physiologic races within the rust 
variety tritici differ significantly in spore size and Bailey (1) and Water- 
house (37) have demonstrated the same thing in the case of P. graminis 
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avenae, these local collections may quite possibly be within the range of 
variation expected for the various physiologic races of the several varieties 
of P. graminis. 

DISCUSSION 

In view of the host ranges of the 3 collections of stem rust included in 
these studies the question of varietal identity becomes of great interest. 

The stem rust culture from Poa ampla obviously is not Puccinia graminis 
poae^ as commonly known. For this variety it has been shown by Eriksson, 
(4, 5, 6, 7), Eriksson and Henning (9), Jaczewski (15), and Staknian and 
Levine (28) that only a limited number of Poa spp.^ serve as congenial hosts. 
Attempts to infect grasses in several other genera have failed. The present 
work with the single spore culture of stem rust from P. ampla shows con- 
clusively that a large number of Poa spp. are among its hosts. Several of 
the species shown by previous investigators to be hosts to P. graminis poae 
were included but all were either immune from or highly resistant to the 
P. ampla rust. It also has been shown in the present investigations that 
many other species, in 13 other genera, are also more or less susceptible to 
this polyvorous strain of P. graminis. Many of these species and genera 
have been shown by several investigators® to be susceptible to P. graminis 
avenae. The complete susceptibility of Nortex oats (Avena loyzantina) 
further suggests the variety avenae. However, the demonstrated immunity 
of 16 other varieties of cultivated oats, including Markton and Victory, 
strongly indicates a new physiologic race of P. graminis avenae.^ The sus- 
ceptibility of certain species of Agrostis^ AlopecuniSyBaciylis, aiid Koeleria^ 
listed by Fischer and Levine (12) as hosts to P. graminis agrostidis suggests 
the possibility that the P. ampla rust might belong to that variety. On the 
other hand, the P. ampla rust has certain hosts not recognized for P. 
graminis agrostidis^ namely, Avena hyzantina, A. fatna, Deschampsia spp., 
Festuca spp., Glyceria spp., Hordeum nodosum^, Phalaris arundinacea, 
Phlenm phleoides, Poa spp., and Trisetum spicatum. The host range also 
has certain species in common with P. graminis phlei-pratensis (31, 33), 
but the immunity of the 3 accessions of Phleum pratense from the stem rust 
from Poa ampla would seem to preclude the possibility of this rust being 
P. graminis phlei-pratensis. By no stretch of the imagination could the 
P. ampla rust be considered as P. graminis tritici or P. graminis secalis. 

A comparison of the urediospore morphology of the Poa ampla rust with 
the established biometric constants (17) of the 6 varieties of Piiccinia 
graminis in the United States (Table 3) does not aid in determining the 
variety of stem rust concerned. The measurements of the rust in question 
do not conform to those of any of the varieties of P. graminis. The nearest 

Poa annudf P. cJiaiocii P. caesia Smitli, P. compressa, P. feriilis, P. nemoralis, 
P. palustriSj P. praiensis, P. serotina Ehrh,, P. triflora Gilib. (The latter two are cited 
by Hitchcock (14) as synonyms of P. patotm.) 

8 See footnote 11. 

9 According to correspondence with M. N. Levine this new race would have the key 
number 14. 
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approach is to P. graminis pMei-pratensis and P. graminis agrostidis but, 
as already pointed out, these varieties are excluded because of marked host 
range differences. 

It seems, then, that the culture of stem rust from Poa ampla might be 
identified with the variety Puccinia graminis avenae. Other varieties of 
P^ graminis have been named in Europe and Russia^^ but the validity of 
at least some of these seems to be in question, and insufficient is known of 
their host range to permit comparison with the Poa rust in question. 

A comparison of the present results on stem rust from Avena fatua with 
the work of previous investigators leaves no doubt that it belongs to Puccinia 
graminis avenae. All but 3 of the 17 varieties and species of oats were 
susceptible. The susceptible reaction of species of Arrhenatliernm, Baeiylis, 
Deschampsia^ Festuca^ Koeleria, Phalaris, Poa, and Triseiwm are largely 
in accord with the earlier published records for P. graminis avenae}'^ What 
differences do exist can easily be attributed to variations in grass host range 
of the various phj^siologic races within P. graminis avenae. 

TABLE 4. — The reactions of Puccinia graminis avenae host differentials when inocu^ 
lated with stem rust collected on Avena fatua at Pullman, Washington 


Variety 

O.I. No. 

Infection type 

White Tartar 

551 

2 ■ 

Richland 

787 

1 + 

Sevenothree 

3251 

4 


The identity of the physiologic race ot Puccinia graminis avenae isolated 
from Avena faUca seemed worthy of determination. The 3 stem-rust differ- 
ential oat varieties used by Levine and Smith (19) were obtained and inocu- 
lated with the single spore culture of stem rust from A. fatua. The reaction 
of these varieties is shown in table 4. 

The resistant to moderately resistant reaction of Richland and White 
Tartar and the high susceptibility of- Sevenothree point to physiologic race 2, 
in the light of the analysis and summary of the 10 known races of oats stem 
rust given by Levine and Smith (19). These authors show a mean reaction 
of 2++ for White Tartar to race 2, and in the present studies the reaction 
of White Tartar to the stem rust was 2. However, this does not seem to be 
significantly at variance with previous work (19), and, with Richland 
resistant and Sevenothree completely susceptible, there apparently is no 
other known race to which the collection of stem rust in question could 
belong. 

The very narrow infection range of the culture of stem rust from 
Agropyron spicatum makes it impossible definitely to identify it with any 
known variety oi Puccinia graminis. Only 4 species of Agropyron, L of 
Elymus, and 2 of Sit anion proved susceptible. When the original field 

A-op. g. airae Erikss. and Heim. (8), P. g. calamagrostidis Jaez. (15), P. g, aperae 
Jaez. (15), P. g. arrhenatheri Jaez. (15). 

pi See Literature cited: 1, 2, 5, 6, 7, 8, 12, 15, 16, 22, 25, 30, 31, 32, 33, 34, 35. 
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collection on Agropyron spicatum was brought into the greenhouse the 
inoculum was sown on Elymus glaucus and Oro and Federation wheat. A 
mesothetic reaction resulted on the wheat varieties, and a completely sus- 
ceptible (infection type 4) reaction on the Elymus species. On the basis of 
these results it was then supposed that some race of P. graminis tritici was 
involved. Plants of the same accession of Elymus glaiieus were later lightly 
infected with the stem rust increased on E. glaucus and one of the resulting 
pustules was chosen as the basis for the single-spore culture. However, 
as already noted, this single-spore culture was unable to infect any of the 
12 wheat varieties, and these w^ere twice inoculated in the seedling stage. 
Furthermore, Oro and Federation, which had reacted mesothetically to the 
original composite collection from Agropyron spicatum, were repeatedly 
inoculated in the seedling stage with the single-spore culture, but each time 
no noticeable infection resulted. From these results it seems probable that 
P. graminis tritici was represented in the original composite collection from 
Agropyron spicatum but not in the single-spore culture propagated on 
Elymtis glaucus, the identity of w^hich is, therefore, still in question. On 
the basis of earlier records (12) the only other known variety to which the 
single-spore culture could belong is P. graminis secalis. However, the 
resistance or immunity of Agropyron repens and 3 rye varieties, as well 
as one lot of bulk unpedigreed rye, while not entirely precluding the possi- 
bility of P. graminis secalis, certainly is not in support of that variety. 

Numerous investigators’*^ have cited many species of Agropyron, Bromus, 
Elymus, Hordeum, and to a lesser extent other genera as susceptible to 
P. graminis tritici and P. graminis secalis. The very limited grass-host 
range of the single-spore culture of stem rust from Agropyron spicatum thus 
makes it seem even more improbable that either of these two stem-rust 
varieties is concerned. Rather, it seems more likely that a new variety of 
P. graminis may have been encountered that is highly specialized to Elymus 
glaucus and a few species of Agropyron and Sitanion. 

The results described in this paper indicate the presence of anomalous 
strains of stem rust in the Pacific Northwest. The moderate abundance of 
barberry bushes in this area provides adequate opportunity for new strains 
to have developed by hybridization. It seems worthwhile and desirable that 
intensive study be made of stem rust occurring in this region on a very wide 
range of grasses, and such investigations are already in progress. 

SUMMARY 

The results are given of inoculations of numerous grasses and cereals 
with single-spore cultures of stem rust from Arena fakca, Poa ampla, and 
Agropyron spicatum nolleaUd in the vicinity of Pullman, Washington. 

The 3 cultures of stem rust varied widely in their host ranges : to the 
Pea rust culture, 34 species of grasses and cereals showed more or less sus- 
ceptibility and these represented 14 genera and 5 tribes; to the Arena fatua 
m ^ ^> 7 , 8 , 12 , 15 , 20 , 21 , 22 , 25 , 26 , 30 , 31 , 32 , 33 , 34 , 
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culture, 18 species in 9 genera and 3 tribes were more or less susceptible; 
to the Agropyron culture only 7 species were susceptible, representing 3 
genera and only 1 tribe. 

The culture of stein rust from Avem fatua was identified as physiologic 
race 2 of the variety Puccinia graminis avenae. 

The culture from Poa ampla seems best identified with the variety 
Piiccinia graminis avenae, but the demonstrated immunity of 16 out of 17 
varieties of cultivated oats, including Markton and Victory, would seem to 
indicate a new physiologic race. It represents a virulent and polyvorous 
strain, but primarily on grasses. 

The culture from Agropyron spicatum does not seem to belong to any 
known variety of Puceinia graminis. The immunity of 3 accessions of 
Agropyron repens and 3 of rye indicates that P. graminis secalis was not 
represented, and the immunity of 12 wheat varieties indicates that the 
variety tritici was not involved. 

Biometrically, the urediospores of the 3 collections did not conform to 
the established biometric constants of any of the varietal complexes of 
Puccinia graminis, but might, nevertheless, be component part of some 
of them. 
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CHEMICAL AND PHYSICAL CHARACTEEISTICS OP MAIZE 
COBS IN RELATION TO THE GROWTH OP 
NIGROSPORA ORYZAE^ 

J. H. Standens 
(A ccepted for publication October 20, 1943) 

Poorly matured ears of maize were found more frequently attacked by 
Nigrospora oryme (B. and Br.) Petch than were well-matured ears. Nigro- 
spora infection in maize ears usually was initiated in the cob, the fungus 
later invading the kernels. Except for the relationship between cob pH 
and incidence of disease discovered by Reddy (4) and the observation by 
Savulescu and Rayss (5) that susceptible ears contained more moisture in 
the cob under field conditions than resistant ears, apparently no work has 
been reported on the nature of cobs in relation to incidence of disease. 

Arzberger (1) found that Nigrospora oryzae grew well on a wide variety 
of media, including repurified cellulose, and concluded that such adapt- 
ability indicated that the fungus was saprophytic in nature. Much better 
response of the fungus on nitrogenous media than on media containing 
starch was obtained by Durr ell (2). In this connection he observed that the 
embryo of the maize kernel was invaded before the starchy endosperm. 

An understanding of the relationship between the chemical and physical 
characteristics of the cob and incidence of infection would help to clarify 
our knowledge of the disease. Studies were arranged, therefore, to show 
why the fungus attacked poorly matured cobs more frequently than well- 
matured ones. 

DESCRIPTION AND SOURCES OP COBS AND OTHER MAIZE TISSUES 
EXAMINED IN THIS STUDY 

The inbreds, single crosses, and open-pollinated corn from which cobs 
were harvested for testing throughout this investigation were chosen on the 
basis of the maturity of the ears. All the corn was grown at Ames, Iowa, in 
1938, 1939, and 1940. An Indiana inbred line, 38-11, was used in certain 
tests because, due to late-date planting, the ears were harvested in a very 
immature condition. The inbreds designated as 2, 90, 108, 113, and 116 
are experimental lines carried by 0. S. Reddy of the Iowa Agricultural 
Experiment Station. Well-matured ears were produced by 90 and 116. 
Poorly matured ears were produced by 2 and 113. Inbred 113 was very 
susceptible to Nigrospora infection in the field; 64 of 68 ears examined 
were infected in 1940. In the case of inbred 108, 2 ears usually were pro- 

1 Journal paper No. J-1113 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 95. This paper constitutes one section of a thesis submitted to the faculty 
of the Graduate College, Iowa State College, in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy. 

2 The author wishes to express his gratitude to Dr. 0. S. Eeddy and Dr. I. E. Melhus 
for their guidance in this research, and to the many others who have given valuable assis- 
tance. 
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diieed to a stalk, the primary ear well-matured and the secondary poorly 
matured. Os426, L289, and Mc401 are Iowa inbred lines, all of which pro- 
duced poorly matured ears. B2, an Indiana inbred line, and Pr, an inbred 
developed by E. W. Lindstrom of the Iowa Agricultural Experiment Station 
produced ears intermediate in maturity. Single crosses carried under my 
own experimental numbers, 4228, 1531, and 2317, produced well-matured 
ears. Cobs of small secondary ears, which were poorly matured, also were 
used in certain tests. 

PHYSICAL DIFFERENCES BETWEEN WELL-MATURED AND POORLY 
MATURED COBS 

It is known that well-matured cobs are harder and woodier than poorly 
matured ones. It was found that the latter contained more water-soluble 
substances than did the former. For example, meal made from poorly 
matured cobs of inbred 38-11 contained 13.0 per cent of water-soluble solids, 
in contrast to 3.8 per cent in meal from well-matured cobs of the single 
cross 4228. 

Poorly matured cobs were found to have a greater water-absorbing 
capacity than well-matured cobs. Dry cobs, selected on the basis of ma- 
turity, were weighed, soaked in water for 12 hours, wiped with a damp towel, 
and reweighed. In the first experiment the cobs were selected from field 
corn on appearance alone. The ratio of weight of wmter absorbed to cob 
weight ranged from 1.5 to 6.0 with an average of 2.8 for 18 poorly matured 
cobs, and from 0.9 to 1.9, with an average of 1.5 for 18 well-matured cobs. 
In a second experiment cobs from selected inbreds were used. Of 17 poorly 
matured cobs the ratio of weight of water absorbed to cob weight ranged 
from 1.6 to 2.6 with an average of 2.1, and a range of 1.1 to 1.9 with an 
average of 1.5 was obtained for 17 well-matured cobs. 

RELATION OF pH TO GROWTH OF NIGROSPORA ORYZAE ON THE COB 

Keddy (4) found that cobs of inbreds in which Nigrospora dry rot was 
prevalent had a higher pH than cobs of inbreds with a low incidence of the 
disease. In connection wuth studies^ on the pathogenicity of this fungus, 
cob pH was found to be high in immature ears of all inbreds, becoming 
lower during the season in cobs that matured well but remaining high in 
poorly matured cobs. To study the effect of the pH of the cob on the growth 
of the fungus, experiments were arranged in which Nigrospora was 

grown on well-matured and poorly matured cobs at different pH levels. 

Two-gram portions of meal from cobs of the well-matured single cross 
4228 or of the poorly matured inbred 113 were added to 50-mL portions of 
2 per cent agar. To some of these portions were added small amounts of 
dextrose or peptone or both, as shown in table 1. The normal pH of the cobs 
of single cross 4228 was 4.6, and that of inbred 113, 5.2. These pH levels 
were interchanged by the addition of lactic acid or sodium hydroxide. The 

3 To be published later. 
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media thus prepared were aiitoclaved. Nigrospora oryzae was transferred 
to the media, and the cultures incubated at room temperature for 4 days. 
Data from 4 replications of this experiment are summarized in table 1. 

The experiments with cob-meal agar were cheeked by parallel experi- 
ments with unground cob sections. The results were fully in agreement 
with those obtained with cob meal. Artificial change in pH had no appre- 
ciable effect on the growth of Nigrospora oryzae on maize cob. These results 
point to the conclusion that pH is related to cob maturity, but in itself has 
no great effect on the growth of the fungus. 

CHEMICAL ANALYSES OF COBS OP DIFFERENT MATURITIES 

Analyses of well-matured and poorly matured cobs were made to deter- 
mine differences in composition between the two groups. Apparently sound 
cobs %vere selected in all but one ease. Samples w-ere arranged in pairs so 
as to compare w^'eU-matured with poorly matured cobs. Analyses were made 


TABLE 1 . — Growth of Nigrospora oryzae on media containing meal from poorly 
matured and well-matured maize cobs, at two different pH vahies, with and without added 
nutrients 


Source of 
cob meal 

pH 

Response of fungus 

No nutrient 
added 

1 0.06 g. dex- 

trose in 

50 ml. 

0.03 g. pej)- 1 
tone in 

50 ml. 

0.06 g. dextrose 
0.03 g. peptone 
in 50 ml. 

Single cross 

4.6a 

-fb 

+ 

+ 

-H- 

4228 

5.2 

+ 

+ 

+ 

-H- 

Inbred 113 

5.2 

-H- 

4H-H- 

-HH- 

+4-+-H- 


4.6 

++ 

“H-H- 

-HH- 

+-1-+-H- 


a The normal pH is recorded first and the adjusted pH second in each case. 

Growth of the fungus is rated on an arbitrary scale on which + represents the poor- 
est and ' I the best growth obtained. 


of oven-dried material according to the methods described by Loomis and 
Shull (3). The results are reported in table 2. The percentages recorded 
for each constituent of the cobs are the average of duplicate samples from 
two separate tests. 

The first pair of samples consisted of cobs from primary and secondary 
ears of inbred 108, harvested in 1938. These two samples are designated as 
108p and 108s, respectively. Primary ears of this inbred matured well in the 
field and were not observed infected by Nigrospora oryzae. In years favor- 
able to the growth of the inbred a secondary ear was produced on almost 
every stalk. These secondary ears were poorly matured, and in 1938 ap- 
proximately 40 per cent of them were infected by N, oryzae. 

The second pair of samples in the analyses consisted of meal of well- 
matured primary ears and of poorly developed secondary ears from the 
same stalks, the weight of the secondary ears in each case being less than 0.3 
that of the respective primary ear. These samples are designated by P 
(primary) and S.3 (secondary) , respectively. Such small secondary ears 
were frequently infected in the field. This material was harvested in 1938. 
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The third pair of samples consisted of cobs from secondary ears that 
weighed at least 0.7 as mnch as the corresponding primary ear, and cobs 
from the primary ears. These samples are designated by P' (primary) and 
S.7 (secondary). Secondary ears of this size were nearly as free of Nigro- 
spora infection as the primary ears. These ears were harvested in 1938. 

During a previous study of the disease, C. S. Eeddy of the Iowa Agri- 
cultural Experiment Station set aside two samples of cob meal, one from 
cobs of inbreds in which Nigrospora incidence was low, and the other from 
inbreds in which infection was frequent. These were included in the 
analyses and designated as OK and OS, respectively. 

TABLE 2 . — Chemical analyses of coh meal from well-matured and poorly matured cots 


Amount of each constituent calculated as percentage dry 
weight of sample 


Sample 

Eeduc- 

ing 

sugar 

Non- 
reduc- 
ing 
sugar 
(as glu- 
cose) 

Total 
sugar 
(as glu- 
cose) 

Nitrogen 

Soluble 
in 80 
per cent 
alcohol 

Eesidue 
HCl 
i diges- 
tion 

Lignin 

108p 

0.15 

0.14 

0.29 

0.030 

3.66 

41.5 

13.7 

108s 

0.48 

0.43 

0.91 

0.044 

5.89 

38.3 

12.0 

P 

0.39 

0.14 

0.53 

0.022 

4.07 

42.5 

14.3 

S.3 

1.06 

1.18 

2.26 

0.037 

8.04 

39.8 

12.9 

P' 

0.20 

0.13 

0.33 

0.020 

3.55 

41.4 

12.8 

S.7 

0.27 

0.09 

0.36 

0.027 

4.20 

41.5 

12.5 

OB 

0.76 

0.42 

1.18 

0.021 

5.03 

41.7 

17.8 

OS 

1.03 

2.69 

3.72 

0.039 

7.95 

38.0 

15.5 

90 

0.22 

0.09 

0.31 

0.028 

2.83 

40.3 

12.3 

113 

tr. 

0.0 

tr. 

0.025 

5.64 

43.3 

10.0 

Diseased 

0.88 

0.27 

1.15 

0.092 

8.65 

36.7 

11.9 

Not diseased 

0.73 

0.14 

0.87 

0.036 

4.76 

42.6 

13.1 


The fifth pair of samples in the analyses were from cobs of the inbred 
90, well-matured, with no Nigrospora infection in 1938, and from cobs of 
inbred 113, poorly matured, and with approximately 70 per cent of the ears 
infected with Nigrospora in 1938. The samples are designated as 90 and 113. 

In addition to the samples paired on the basis of maturity, an analysis 
was made of material from infected cobs separated into portions retted by 
the fungus and portions in which the fungus had not developed extensively. 
These two samples are designated diseased and not-diseased. 

The data summarized in table 2 indicated that the poorly matured cobs 
contained more available food than the well-matured ones. In general there 
was more lignin in well-matured cobs than in poorly matured ones, but the 
difference was not great. The nitrogen percentage appeared to be somewhat 
higher in poorly matured than in well-matured cobs. 

A physical examination of tissues retted by the fungus showed that much 
of the substance of the retted part was destroyed. Analyses of retted and 
nonretted portions of infected cob, summarized in table 2, showed that the 
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percentages of residue from the HCl digestion and the lignin percentages 
were about equal for each sample. Further study is necessary to understand 
the effect of the fungus on the insoluble portion of the cobs. 

The low sugar content of cob meal from inbred 113 was unlike that of the 
other susceptible tissues. This inbred died very early in the field, with ears 
in a poor state of maturity. The cobs used in the test were harvested late 
in the fall. It appeared likely that the sugar content of these cobs might 
have been exhausted by bacterial growth or by other agencies. Collections 
of ears of inbred 113 were made in the fall of 1939, harvesting the first ears 
soon after the plants had commenced to die. Two subsequent harvests were 
made at weekly intervals, and a final harvest was made late in the fall. 
Cobs from these successive harvests were analyzed for sugar (Table 3). 


TABLE 3. — Sugar content of cods of indred 113 at successive dates following death 
of the 'giant (1933) 


Date 

Percentage total sugar 
(as glucose) 

September 11 

2.58 

September 18 

1.38 

September 26 

0.53 

October 20 

0.58 


0.00 


tr. 


0.81 


Bach analysis was made on a composite meal sample prepared from 6 or 
more cobs, except for the late harvested ears, analysis of which was made 
of four separate cobs. The sugar content in cobs of inbred 113 was rela- 
tively high early in the fall but decreased rapidly following death of 
the plant. 

GROWTH OF NIGROSPORA ORYZAE ON SUBSTANCES SIMILAR TO 
SEVERAL COB CONSTITUENTS 

To obtain a clearer picture of the manner in which Nigrospora oryzae 
assimilates different cob constituents, the fungus was grown on media 
containing substances similar to certain of those found in maize cobs. These 
substances are listed in order of the growth of the fungus as measured by 
visual examination : 2 per cent dextrose, 2 per cent sucrose, 1.2 and 0.6 per 
cent peptone,^ 2 per cent hemicellulose,® 2 per cent xylan® (the above in 
Czapek’s nutrient solution^ with 2 per cent agar), 0.5 per cent pectin in 
Czapek’s nutrient solution, cellulose in the form of filter paper, ^ and lignin,^ 

4 Baeto-Peptone, Difco Laboratories. 

5 Kindly donated by Dr. K. H. Gross of tbe Bacteriology Department, Iowa State Col- 
lege. The bemicelMose was prepared from straw. 

6 Obtained from Pfanstiehl Chemical Company. 

7 The Czapek’s nutrient solution consisted of the mineral constituents only. 

8 Whatman ^s No. 30. 

9 This was prepared from cornstalks and kindly donated by Dr. L. K. Arnold of the 
•Chemical Engineering Department, Iowa State College. It was purified according to Dr. 
.. Arnold ^s suggestion, by five alternate treatments with HCl and NaOH. 
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the last two wet with Czapek’s solution. With none of these was growth 
nearly so vigorous as on cob-meal agar or on potato-dextrose agar, employed 
as checks. Growth on heinicellulose and xylan appeared to be nearly as good 
as that on the dextrose, sucrose, and peptone. On pectin, growdh was very 
slow, and even slower but still appreciable on cellulose and lignin. 

In a further test, growth of Nigrospora oryzae on filter paper wet with 
water was compared with that on filter paper wet with Czapek’s nutrient 
solution. The fungus was allowed to grow for a month or more. When the 
papers were examined the fungus had sporulated sufficiently to exhibit a 
distinct, gray color on paper ivet -with Czapek^s solution,* but, on the filter 
paper wet with w’^ater, sporulation w^as so sparse as to be visible only -with 
the aid of the microscope. 

The possibility that traces of soluble nutrients infiueneed the growdh 
of Nigrospora oryzae on lignin, cellulose, and pectin, even though each of 
these had been treated to remove soluble nutrient substances, \vould not be 
eliminated without further investigation. It was of interest that growth 
of N. oryzae on media containing xylan and hemicellulose compared w^ell 
with that on media containing dextrose. Of especial interest was the vigor- 
ous growth of the fungus on cob-meal agar and on potato-dextrose agar as 
compared with that on the other media tested. Certain constituents present 
in cobs and in potatoes apparently were lacking in all the other substances 
tested. 

PRELIMINARY TESTS WITH COB CONSTITUENTS FAVORING 
GROWTH OF NIGROSPORA ORYZAE 

A few preliminary tests were made to obtain information concerning the 
nature of the substance in maize cobs favoring growth of the fungus. That 
substances in poorly matured cobs favored growth of the fungus, rather 
than that substances in well-matured cobs interefered with growth of the 
fungus was ascertained by adding cob meal prepared from well-matured 
and poorly matured cobs to plain agar. Growth on agar containing meal of 
w^ell-matured cobs was much better than on agar without cob meal but not 
nearly so good as on agar containing meal of poorly matured cobs. Sub- 
stances favoring the growth of the fungus occurred to some extent in 
well-matured cobs. 

The substances favoring growth of Nigrospora in cobs were largely "water- 
soluble. Growth of the fungus was extensive on media prepared from cob 
extracts, but sparse on media prepared from the leached cob meal. 

Growth of the fungus was found to be slightly better on media containing 
cob meal from cobs retted by Nigrospora oryzae than on media containing 
equal amounts of meal prepared from poorly matured cobs. Apparently the 
growth of N. oryzae on maize tissues did not exhaust substances favorable 
to its own growth, nor were there formed heat-stable staling products 
unfavorable to the growth of the fungus. 

Autoclaving cob meal (in 2 per cent agar agar) for as long as 31 hours 
at 15 lb. pressure did not make meal from well-matured cobs more favorable 
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for gTOwtli of the fungus, nor did such autoclaving render meal from poorly 
matured cobs less favorable. 

An experiment was arranged to determine whether the substances favor- 
ing growth were of organic nature. Portions of cob extract charred at red 
heat were added to Czapek’s nutrient solution with 2 per cent dextrose. 

Qrowtii of Nigros 2 :)ora oryzae on this medium was not better than that on 
the nutrient solution alone, while growdh in the presence of uneharred ex- 
tract was profuse. This experiment did not completely eliminate the possi- 
bility that certain minerals might be the influential factors in rendering 
poorfy matured maize cobs liable to Nigrospora infection, for the chemical 
nature of the minerals may have been altered in the chai^ring process. 

}; 

GROWTH OF NIGROSPORA ORYZAE ON WATER EXTRACTS OP MAIZE COBS 

In recording the growth of the fungus on cob-meal media an arbitrary 
scale must be used. The area of mycelial growth proved unsatisfactory as a 
criterion in that it did not distinguish between sparse and heavy growth of 
similar extent. The use of liquid cultures from which mycelial mats could 
be weighed offered a more satisfactory method of comparison; therefore, in 
further work, liquid cultures were employed. Tests parallel to those de- 
scribed in this section, but in which cobs and cob-meal agar were employed 
confirmed the results obtained with cob-meal extract. The principal pur- c ^ 

pose of the study on water extracts of cobs was to compare the effects of • 

extracts of poorly matured and well-matured cobs on the growth of the 
fungus. In doing this, 20-ml. portions of Czapek’s nutrient solution were \ 

placed in 500-ml. Erlenmeyer flasks. The hydrogen-ion concentration was 
adjusted in all cases to approximately pH 5.0 with lactic acid to reduce 
bacterial contamination. After the addition of cob extract, and in some 
eases dextrose, and autoclaving uniform pieces of Nigrospora culture on 
nutrient agar were transferred to the media, and the cultures were incu- 
bated at room temperature for 4 days. At the end of this time the mycelial 
mats w^ere wmshed on tared percale disks and dried. The heavier mats 
were gelatinous in consistency, and it was necessary to remove most of the 
water from these mats by placing the percale disks on a series of blotters 
before transferring to the 100° C. oven for final drying. After drying, 
the percale disks with the mycelial mats were weighed. 

The cob-meal extracts, obtained by placing the cob meal in boiling dis- 
tilled water, contained the leachate of 1 g. of meal in each milliliter of ex- 
tract. The extract of inbred 38-11, on which the fungus grew very well, 
was used as an arbitrary standard in testing the effect of the cob extracts 
on the growth of the fungus. In a preliminary test various amounts of 
extract from cob meal of this inbred were added to 20-ml. portions of 
Czapek^s nutrient solution (2 per cent dextrose). Amounts of extract 
greater than 0.4-ml. did not produce corresponding increases in growth of 
the fungus. Thereafter, in making comparisons, 0.4-ml. portions of extract 
were used. 
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TABLE 4. — Mycelial weights of Nigrospora oryme grown in Cmpe'k nutrient solu- 
tion with and without extract of well-matured and poorly matured cohs 


Weight of mycelium in milligrams (average, 7-9 samples) 


Dextrose 

added 

Check 

Single cross 
4228 

(well-matured) 

Inbred 108 
(well-matured) 

Inbred 38-11 
: (poorly matured) 

None 

1.9 

5.3 

17.4 

45.5 

2 per cent 

3.1 

37.0 

58.0 

130.8 


In the first series of tests the fungus was grown on Czapek’s nutrient 
solution, on Czapek’s nutrient solution with 2 per cent of dextrose, on nutri- 
ent solution with eob extracts, and on nutrient solution with cob extracts 
and 2 per cent of dextrose. The growth of the fungus in response to cob 
extract of the poorly matured inbred 38-11 was compared with that in 
response to extracts of the well-matured inbred 108 and single cross 4228 
(Table 4). Without cob extract there was no essential difference in growth 
with and without dextrose. With the addition of cob extract, growth was 
much better in the solution containing dextrose than in solutions containing 
no dextrose. The best growth of the fungus occurred with the addition of 
extract of poorly matured cobs to medium containing dextrose. Apparently 
dextrose and substances present in the eob extract influenced the growth of 
the fungus. 

Cob-meal extracts of several poorly matured and well-matured inbreds 
and single crosses were compared in respect to their ability to support the 
growdh of Nigrospora oryzae in liquid culture. In this experiment dextrose 
was added to the media throughout. The average weights of mycelial mats, 
with data on the incidence of infection of cobs used as the source of the 
extracts, are recorded in table 5. In all tests the best growth of the fungus 
occurred in the presence of extract of poorly matured cobs. 


TABLE 5. — Growth of Nigrospora oryme on Czapek ^s nutrient solution containing 
two per cent dextrose with extracts of cohs of different maturities 


Source of 
cob extract 

: Nigrospora infection in the 
field. No. of ears 

Maturity 

"Weight of 
mycelium in mg. 

Examined 

Infected 

! 

(ave. 6 samples) 

Ind. inbred 38-11 


a 

Poor 

140.4 

Inbred 08426 

53 

21 

Poor 

76.1 

Inbred 08420 

46 

20 

Poor 

63.2 

Inbred 2 

38 

14 

Poor 

71.1 

Inbred L289 ........... 

43 

19 

Poor 

73.2 

Inbred B2 

60 

0 

Pair 

42.3 

Inbred Pr 

54 

0 

Pair 

38.7 

labred 116 

102 

2 

Good 

27.3 

Single cross 1531 ... 

56 

0 

Good 

24.9 

Single cross 2317 ... 

64 

0 

Good 

22.6 

Check 




1.8 


Inbred Ind. 38-11 was harvested in a very immature condition, while the ears were 
still green. No infection was present in these ears at time of harvest; infection has not 
been detected in maize tissue in green condition. 



I 


1944] Standee : Growth op Nigrospora Oeyzae 323 

In these two series of tests growth of the fungus in liquid culture was 
more profuse with that without cob extract, but considerably more profuse 
with extracts of poorly matured than well-matured cobs. 

Studies are being continued on the natoe of the substances, more 
abundant in poorly matured than in well-matured cobs, which favor growth 
of Nigrospora oryzae, 

SUMMARY 

A study was made of physical and chemical characteristics of maize cobs 
in relation to prevalence of infection by Nigrospora oryzae. Poorly matured 
cobs were found to be more frequently infected than well-matured cobs. 

Poorly matured cobs were less woody than well-matured cobs. The water 
absorbing capacity of poorly matured cobs was greater than that of well- 
niatured cobs. 

The pH of the cob was found to be an indication of cob maturity. Poorly 
matured cobs have a higher pH than well-matured cobs. 

Poorly matured cobs contain more water soluble substances than well- 
matured cobs. Chemical analyses showed that poorly matured cobs contain 
more available food, especially sugars, and less lignin, than well-matured 
cobs. The high sugar content of poorly matured cobs may be dissipated if 
harvest of the ears is delayed. 

Nigrospora oryzae grew well on media containing sugars, peptone, xylan, 
and hemicellulose, but only slight growth was obtained on pectin, cellulose, 
and lignin. Growth on cob-meal agar was far more vigorous than on any 
of the simpler nutrients. 

A substance or substances, other than simple nutrients, present in cobs 
favored growth of Nigrospora oryzae. The substance or substances were 
present in greater abundance in poorly matured than in well-matured cobs. 
The substance or substances were water soluble and heat stable, and 
appeared to be organic in nature. 

A close relationship exists between susceptibility to Nigrospora infection 
and growth of the fungus in response to cob extracts. 

University of Delaware, 

Newark, Del. 
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TWO NEW VmUSES AFFECTING TOBACCO AND OTHER PLANTS 


Kenneth M. Smith and Roy Markham 
(Accepted for publication June 10, 1943) 

INTRODUCTION 

In this paper are given short descriptions of two apparently new or 
undescribed viruses. They are probably of little economic significance but 
are of considerable interest because both viruses appeared in an unknown 
manner in plants growing inside the insect-proof glasshouses at Cambridge. 

The first virus to be described was isolated in mid- winter from a plant 
of Arahis Imsuia, which had been growing for a number of years in the 
glasshouse and had been used for stock cultures of cabbage mosaic (Brassica 
virus 1, Smith). The second virus was isolated from a noninoculated to- 
bacco plant in the summer of 1942, also growing in the glasshouse. 

ARABIS-MOSAIC VIRUS 
Properties of the Virus 

Thermal Inactivaiion Point. The virus is inactivated by a 10-minute 
exposure to a temperature of 60° C., but not by a similar exposure at 50° C. 

Dilution End-point. In crude sap expressed from infected White Bur- 
ley tobacco plants, the virus is infective at a dilution of 1 : 100 but not at 
1:1,000. 

Resistance to Aging. The longevity in vitro of the virus is between 
48 and 72 hours at room temperature. 

Transmission. The virus is sap-inoculable, but is not very infectious ; 
it is more difficult to transmit during hot weather when symptoms tend to be 
masked. All attempts to transmit the virus by means of the aphids Myzus 
pemcae and Ap/m /abac have failed. 

Host Range and Symptomatology 

Arahis hirsuta. The symptoms on this plant consist mostly of ring and 
line patterns of dark-green on a lighter background, together with a certain 
amount of mottling. No necrosis has been observed. Incidentally, it may 
be mentioned here that great difficulty has been experienced in transmitting 
the virus to fresh Aral)is plants. 

Nicotiana tahacum var. White Burley. As a rule there are no definite 
local lesions formed on the inoculated leaf, although slight chlorotic spots 
have occasionally been observed. Systemic infection takes the form of scat- 
tered chlorotic rings, which may be concentric, on the outer leaves. The 
central shoot then develops a preliminary pallor or chlorosis, followed by 
a very characteristic splitting of the leaves, and one side or both sides of 
the lamina may be stripped away. These leaves invariably become necrotic. 
This peculiar stripping or shredding of the central leaves, together with a 

324, 



Pig. 1. A. Eing and Une patterns produced by the Ara6*s virus on W^te Burley 
tobacco. B. Tobacco, White Burley, systemically infected with the Amhis viru^ Note 
the characteristic splitting and puckering of the eentr^ leaves. G. Tneomplete _ or 
“broken” rings on White Burley tobacco. D. Systemic symptoms of broken ring 
spot” OIL White Burley tobaccow 
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reddish necrosis, is the most characteristic symptom of the whole disease 
(Fig. 1, B). As the central leaves develop, the necrosis increases and the 
tips pucker up and bend downwards and inwards. At the same time 
necrotic spots develop on the rest of the plant, and these frequently tend 
to become ring-like (Fig. 1, A). At this stage the disease is very severe 
and is particularly so during the winter and at low temperatures. 

The incubation period of the virus in the tobacco plant varies from 10 
to 21 days, according to the temperature, but may be much longer in very 
hot weather, when the symptoms are sometimes entirely masked. After a 
time the plant grows away from the more acute symptoms and looks almost 
normal, except for a slight mottle and a tendency for the leaves to be dark- 
green. 

Nteotiana glutinosa. On this plant the symptoms are similar to those 
on the tobacco plant but may be more severe, and the disease is frequently 
lethal. 

Solanum nodifiorum. Chlorotic rings have been observed on the inocu- 
lated leaves of this species, but systemic infection does not appear to develop. 

Cucumber. The cucumber plant is susceptible to infection with the 
Arabis virus, though the incubation period may be very long, sometimes 
more than 3 weeks. The symptoms consist of a fairly typical mosaic mottle 
not unlike that due to cucumber mosaic itself. There are no local lesions 
formed. 

Phaseolus vulgaris, French Bean, var. Canadian Wonder. No local 
lesions are formed on the inoculated bean leaves, and this is a point of dif- 
ference from the ring-spot virus, which is the second of the two viruses 
described in this paper. Systemic infection first develops as small yellow 
flecks on the young leaves, about a week or 10 days after inoculation. There 
are, sometimes, raised blisters with the intervening areas pale. The yellow 
flecks become larger and produce a fairly bright mosaic mottle (Fig. 2, A). 
This usually is followed by a severe necrosis resulting in the death of the 
growing points and youngest leaves. 

Possible Relationships of the Arabis Virus 

Since the virus was first obtained from an Arabis plant, which was sys- 
tematically infected with cabbage mosaic (Brassica virus 1, Smith), it 
seemed possible that the Brassica virus might have mutated to give rise to 
the second virus. Cross-immunity tests, however, do not support this 
theory. These tests were carried out on the tobacco plant and, since Brassica 
virus 1 does not become systemic in tobacco, inoculations were made of Bras- 
siea virus 1 into tobacco plants systemically infected -with the Arabis vims. 
The reddish local lesions, characteristic of Brassica virus 1 on the tobacco 
plant, duly developed in spite of the presence of the Arabis virus. 

The fact that the virus will infect the cucumber plant, and also some of 
its physical properties suggest that it might be a derivative from one or other 
Gf the strains of eueumber-mosaie virus propagated at the virus research 





Fig. 2. A. Mosaic, mottle produced liy the Arabis virus on Phaseolm vulgaris. _ B. 
Numerous small necrotic spots formed on P. vyXgarw 'hj the broken ring'spot virus. 

0. Blister mosaic on P. wZfi'uris caused by infection with broken rmg-spot virus. 

took place. Tke brilliant mosaic characteristic of this virus developed 
normally, even though the plants were systemieally infected with the Arahis 
virus. Certain other facts militate against the theory that the Araiis virus 
may be a strain of cucumber-mosaic virus. There is the fact that aphids 


station. Again, however, experimental evidence does not bear this out. 
Tobacco plants systemieally infected with the AraUs virus were reinoeulated 
with a strain of cucumber-mosaic virus. A strain that gives a bright- 
yellow mottle was used, so that there could be no doubt whether infection 
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apparently do not transmit it, and there is its limited host range. For ex- 
ample, it does not infect Batura stramonium^ a plant that is extremely 
susceptible to the cucumber-mosaic virus. 

Tobacco Broken Eing-spot Virus 

A single necrotic ring was observed in a noninoculated tobacco plant, 
var. White Burley, in the glasshouse. This was cut out and reinoculated 
to a further series of tobacco plants of the same variety. After a time the 
plants developed a fairly typical ring-spot disease. It is somewhat diflSeult 
to find a new and descriptive name for this virus, since there are already 
5 or 6 quite distinct viruses that cause a more or less similar ring spot in 
tobacco. Eecently, Johnson and Fulton"^ have described yet another tobacco 
ring spot, which they have called ^‘tobacco broad ring spot”; and, since the 
rings caused by the present virus are frequently incomplete, a suitable name 
seems to be 'Tobacco broken ring spot” (Fig. 1, C), 

Properties of the Virus 

Thermal Inactivation Point, The virus is inactivated by a 10-minute 
exposure to a temperature of 60® G. 

Dilution End-point. Using crude expressed sap, clarified by spinning, 
positive infections were obtained at a dilution of 1 : 100 but not at 1 : lOOo! 

Resistance to Aging. The virus retains infectivity in extracted sap at 
room temperatures for about 6 days. 

Transmission. The virus is fairly easily transmitted by sap inoculation, 
but no insect vector so far has been discovered. 

Host Range and Symptomatology 

Nicotiana tahacum, var. White Burley. Local lesions may develop, but 
they do not always occur; when they do appear they take the form of a 
cluster of small single rings on the inoculated leaf. Later, isolated single 
rings or ring and line patterns develop on the noninoculated leaves. These 
increase in number and coalesce, so that the leaves eventually become cov- 
ered with the characteristic pattern (Fig. 1, D). As a rule there is little 
necrosis or stunting, such as occurs with the tobacco ring spot of Wingard® 
{Nicotiana virus 12) , in the same variety of tobacco. Local lesions, if pres- 
ent, develop about 5 days after inoculation, followed about a week later by 
the systemic symptoms. 

Nicotiana tahacum j Turkish, var. Kawala. Symptoms in this variety 
resemble those on White Burley, except that local lesions seem always to 
form on the inoculated leaves. These lesions usually are single rings, and 
bear a superficial resemblance to the rings produced by potato virus X on 
Turkish tobacco. 

605-6i2!^”'l942 ring-spot virus. Phytopatt. 32 : 
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Nieoiiana gluUnosa, This species appears to be rather resistant to the 
ring-spot virus ; necrotic spots develop, but the disease is not severe and the 
plant rapidly outgrows the symptoms. 

Phaseolus vulgaris ^ French Bean, var, Canadian Wonder. The reac- 
tions of the bean to the ring-spot virus are characteristic and serve to dif- 
ferentiate the ring-spot and Arahis viruses, which have some symptoms in 
common. Very pale chlorotic areas develop on the inoculated leaves within 
5 days of inoculation. These are followed a few days later by the systemic 
symptoms, which take the form of large numbers of minute necrotic spots 
on the youngest leaves (Fig. 2, B). Frequently, these leaves are killed by 
the necrosis. Later, a mosaic mottle may develop in which blisters of green 
tissue stand out from between the necrotic veins, giving the leaves a puck- 
ered appearance (Fig. 2, C). 

Cucumber. The ring-spot virus produces local lesions on the inoculated 
leaves of cucumber, and this serves further to distinguish it from the Ardbis 
virus. The lesions are white and circular and appear about 5-7 days after 
inoculation. Systemic symptoms consist of a rather diffuse mottle, less 
pronounced than that caused by the Arabis virus. 

SUMMARY AND CONCLUSIONS 

Two new viruses affecting tobacco and other plants are described. Due 
was first observed in a plant of Arabis hirsuta and the other in tobacco. 
Both viruses produce diseases of the ring-spot type in tobacco, but the virus 
from Arabk can be distinguished easily by the fact that it induces a char- 
acteristic curling and shredding of the central leaves. 

The main points of interest concerning these two viruses are their origin 
and method of spread. Both viruses are new and both appeared in plants 
that were growing inside the insect-proof glasshouse. Moreover, the disease 
caused in the Arabis plant first appeared in mid-winter. The appearance 
of these viruses certainly needs some explanation, since they are very unin- 
f ectious and no insect vector has been discovered. In consequence, there is 
no information on their natural mode of spread. Indeed, the viruses would 
have been lost with the death of the original plants in which each appeared 
had it not been that they were carefully propagated by mechanical methods 
of inoculation. 

Plant Virus Research Station, 
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Molteno Institute, 

Cambridge, England. 


POLLEN AS A SOURCE OP WALNUT BACTERIAL BLIGHT 

INFECTION 

P . A . A E K 

(Accepted for publication October 18, 1943) 

The severity of walnut bacterial blight (caused by Thytomonas juglandis) 
in California has frequently been ascribed to numerous over-wintering can- 
kers (2, 3, 4). In Oregon, however, the disease has been found to overwinter 
in diseased buds (leaf and catkin buds) (1) . A review of the literature per- 
taining to the earlier work on walnut blight (3) indicates that this disease 
was observed on leaf and catkin buds in California without any special sig- 
nificance being attached thereto. In severe outbreaks of the disease, cankers 
on young shoots were so numerous that they overshadowed the less conspicu- 
ous leaf and catkin buds. 

Recently, in California, walnut blight was observed in epidemic form, 
with but few cankers in evidence. The incidence of disease could not be 
ascribed to such a small amount of inoculum. Examination revealed the 
presence of the disease (Pig. 1) in dormant catkin and leaf buds and also the 
presence of blight bacteria on the pollen of diseased catkins. 

In a series of experiments, catkins were collected from trees known to 
have been heavily blighted the previous sifmmer and, after examination 
under a dissecting microscope, were cultured individually for blight bac- 
teria. Results showed that of the catkins collected on August 20, 1942, 16 
per cent yielded live and virulent cultures of Phytomonas juglandis ; on 
September 15, 1942, there was 20 per cent; on October 16, 1942, 15 per cent; 
on November 12, 1942, 30 per cent; on December 23, 1942, 26 per cent; on 
January 18, 1943, 18 per cent; and on February 20, 1943, 27 per cent. ’ 

Of the blighted leaf buds found on the same trees, from 10 to 26 per 
cent contained living blight bacteria when cultured from August to Feb- 
ruary at monthly intervals. 

Observations on catkins and leaf buds, beginning in March, in the two 
previously mentioned localities in California, showed an abundance of 
blighted catkins in all stages of development (Fig. 2). Catkins occupy a 
strategic position in relation to subsequent infection of foliage and pistillate 
flowers. Catkins are highly susceptible organs present on the twigs all year, 
and are subject to infections all year around whenever conditions favor 
spread of blight. Dormant catkins (or catkin buds) provide a perennial 
source of water-borne infection, and when mature may shed contaminated 
pollen, thus providing for aerial dissemination of the blight organism. 
Healthy catkins may be invaded and killed whenever conditions favor the 
spread of the disease. Frequently, catkins are partially infected and will 
shed pollen from the remaining healthy florets. Pollen from the florets on 
diseased catkins is readily contaminated and can be broadcast alone or in 
combination with healthy pollen for a considerable distance, causing infee- 
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tioii wlienever environmental conditions are favorable for the development 
of the blight bacterinm. 

That pollen from blighted catkins may be contaminated by the blight 
bacteria was shown in a small scale experiment by C. 0. Smith (3). How- 


Pig. 1. Multiple leaf -bud infections by Phytomonas juglandis on Pranquette (left) 
and Payne (right) varieties of walnut. Note the diseased catkin A on the center twig, 
which was photographed September 3, 1943. 







The writer studied this aspect of the disease during the spring and sum- 
mer of 1943. Altogether, 150 diseased catkins were cultured directly in 
the field hy shaking the pollen on nutrient agar plates, using three plates 
for each diseased catkin. Numerous colonies of Phytomonas juglandis 
developed on all plates when incubated at 28° C. The pathogenicity of the 
cultures was confirmed by inoculation tests on immature nuts in May and 
June. 


Fig. 3. Walnut blight lesions produced by dusting the leaf with contaminated pollen. 
Portion of walnut leaf greatly enlarged showing blight lesions produced by dusting with 
contaminated pollen. Pollen grains shown at A. 

Contaminated pollen was mixed with, known healthy pollen and this 
pollen mixture was then tested to determine whether it could induce the 
disease in pistillate flowers and on walnut leaves. The technique employed 
hy Wood (5) in his walnut pollination tests was adapted for the above- 
mentioned experiment. The ventral side of leaves was dusted in the leaf 
experiments. Treated parts were protected with paper bags against con- 
tamination. As a cheek, pollen from healthy catkins was employed in other- 
wise similar tests. Of 50 pistillate flowers pollinated from healthy catkins, 
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45 set nuts and no blight infection occurred in these nor in the 5 nuts that 
dropped. Of 50 pistillate flowers pollinated with contaminated pollen, only 
35 set nuts and 20 of these were infected as were also 10 of the 15 nuts that 
dropped. In all blighted nuts there was only apical type of blight. 

In another experiment, leaves were dusted with pollen and bagged. Ten 
leaves were dusted with pollen from infected catkins and 10 with pollen 
from healthy catkins. The check leaves were covered with bags, but other- 
wise not treated. After 1 month no infection had developed in the checks 
and the leaves dusted with pollen from healthy catkins, while 7 of 10 leaves 
treated with contaminated pollen bore definite blight lesions (Pig. 3). These 
lesions yielded cultures of blight organism. 

The above-mentioned experiments demonstrate the fact that contami- 
nated pollen may disseminate walnut blight under favorable environmental 
conditions. Therefore, it is likely that blight infection of nuts may be 
caused not only by bacteria carried in a film of water during a rainy period 
from infected leaf buds and catkins, but, also, by contaminated pollen from a 
partially diseased catkin in wdiich, in the process of natural pollination, is 
deposited on the stigmas of the pistillate flowers. 

The blight organism grows very luxuriantly on agar media containing 
no other nutrients than walnut pollen. When a culture on this medium is 
dried completely and held in this condition for several months in the lab- 
oratory, it may be revived by plunging a piece of it into a liquid medium. 

The blight organism was recovered from dry pollen 4 months after being 
stored in the vial under laboratory conditions. 

The importance of contaminated pollen, together with diseased leaf and 
catkin buds, may be visualized from Wood’s statement (5) that (‘upon some 
of the larger Placentia trees as many as 10,000 catkins were counted during 
a season,’' and “it was found that single catkins produced from 1,000,000 to 
4,000,000 pollen grains. ” 

The prevalence of catkin infection, the presence of viable blight organ- 
isms on pollen from infected catkins and the high probability that consider- 
able nut infection may come from this source, emphasizes the importance 
of infected catkins and contaminated pollen in the overwintering and dis- 
semination of the walnut blight organism. 

Division OP Plant Pathology, 

University OP California, 

Berkeley, California. 
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A VIRUS DISEASE OF LOVAGE (LIGUSTICUM SCOTICUM) 


Kenneth M. Smith and Roy Markham 
(Accepted for publication June 10, 1943) 

INTRODUCTION 

During* the summer of 1940 the attention of one of ns (K. M. S.) was 
drawn to a plant of lovage {Ligusticum scoticum L.) growing in a private 
garden. The leaves were mottled with patches of light and dark green and 
showed a typical mosaic disease. Inoculation from this plant to tobacco 
piroduced a very severe necrotic disease which invariably killed the latter 
plant. Since the symptoms produced in tobacco were unfamiliar, an inves- 
tigation of the virus was undertaken and the results are given here. They 
show that the lovage mosaic was due to a hitherto undescribed virus. 

No attempt has been made to undertake a systematic examination of the 
complete host range but so far as the inoculation experiments go they sug- 
gest that the host range of the virus is not very restricted. 

HOST RANGE AND SYMPTOMATOLOGY 

Umbelliferae 

Ligusticum scoticum L. {Lovage). The oidginal infected plant of lovage 
was a bush of considerable size being several years old. The plant was 
rather stunted in comparison with healthy plants of the same age and the 
leaves showed a bold somewhat streaky mottle (Fig. 1, A) . There was little 
necrosis. 

We found great difficulty in infecting healthy lovage seedlings wdth the 
virus, and only succeeded with 1 plant out of about 100 inoculations. As 
the attempted infection of lovage seedlings had been made from infected 
tobacco plants, there was the possibility that the difficulty w’'as due to low 
virus concentration in the tobacco plants relative to lovage. To test this the 
following experiment w^as performed. Twenty tobacco plants, var. White 
Burley, were inoculated from the original infected lovage plant and 20 simi- 
lar tobacco plants were inoculated from an infected tobacco plant. In both 
eases 100 per cent infection was obtained, and there seemed no difference in 
the infective power of the tobacco and lovage sap. 

Daucus carota {Carrot) and Apmm graveolens {Celery). Attempts to 
infect these two plants were unsuccessful. 

Solanaceae 

Nicotiana tahacum var. White Burley. The tobacco plant is extremely 
susceptible to infection with the lovage virus, and makes a good indicator 
or test plant. Local lesions are produced about 7 days after inoculation, 
but they vary considerably in appearance according to conditions of light 
and temperature. In one case they take the form of small, dark-red, necrotic 
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Fi<J. 1. A. Leaf of lovage plant, showing mosaic mottle. B. Leaf of healthy lovage 
plant. C. Cucumber plant infected with the lovage virus showing systemic necrosis. 

high temperatures the symptom picture may be rather different. Uuder 
these conditions there are few local symptoms and the first indication of 
infection is the appearance of systemic necrosis, which spreads down the 
petiole of the inoculated leaf and thence reaches the stem. Here it spreads 


circles with lighter green interiors, and in the other case they appear as large 
chlorotic circles (Fig. 2, A). Systemic symptoms take about 17 days to 
develop, and they consist of a very severe necrosis of the veins and midrib 
(Fig. 2, B), which rapidly spreads and causes the death of the plant. At 
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I’m 2 A. Chlorotic circles on inoculated leaf of "White Burley tobacco. B. Systemic 
infection of White Burley tobacco by the lovage virus. V. Loca,! lesions on Nicottana syl- 
vestris. D. Systemic inf eetion of N, syVvestris by tlie lovage virus. 
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slowly, both up and down, cutting* off the supply of water and food materials 
so that the plant wilts and dies. 

Nicotiana tabacum Turkish^ var. Kawala. In this variety of tobacco the 
leaf symptoms are less pronounced, but, instead, a severe necrosis of the 
inain stem and midribs usually is produced. 

Nicotiana glutinosa. Eather faint local lesions are sometimes formed 
on this species, followed by a faint mottle and some necrosis. 

Nicotiana sylvestris. Very distinct and characteristic local lesions de- 
velop on this species about 5 days after inoculation (Fig*. 2, C). They 
appear first as shiny glassy spots without a well-defined or necrotic edge. 
Later, they develop a coppery ring, while still retaining their glassy center. 
This plant should prove suitable for quantitative studies on the virus. Sys- 
temic symptoms develop about a week later and take the form of lesions that 
are very similar to those formed on the site of inoculation, except that they 
lack the preliminary glassj^ stage (Fig. 2, D). 

Nicotiana langsdorffii^ N. rustica ami Capsicum annmtm. Local lesions 
without systemic infection develop on these 3 species. 

Lycopersicum escnlentnm, Tomato, var. Kondine Bed. The tomato plant 
is susceptible to infection, but develops no symptoms and is, in fact, a per- 
fect symptomless carrier of the virus. Infection in other plants is easily 
obtained by inoculation from such carrier tomatoes. 

Datura stramonium. This plant reacts with a faint mottle, there is no 
necrosis. 

Solanum tuberosum. The potato plant appears to be immune from in- 
fection. 

Leguminosae 

Phaseolus vulgaris var. Canadian Wonder. The bean is susceptible to 
infection with the lovage virus, yellow chlorotic spots developing on the 
inoculated leaves after 3 or 4 days. Signs of systemic infection develop 
about a week later as a slight veinal necrosis of the younger leaves, portions 
of the veins being picked out in yellow. This is followed by a gross systemic 
necrosis of the youngest leaves, which involves the death of the growing 
point. 

Pisum sativum {Garden Pea). A number of different varieties of gar- 
den pea were inoculated, but infection was secured only on the variety 
English Wonder. In this variety there developed a reddish necrosis of the 
veins of the youngest leaves and this was followed by the death of the 
growing point. 

Cucurbitaceae 

Ridge Cucumber. A slight mosaic mottle develops on the leaves of 
cucumber plants, and this is followed by a severe necrosis that kills the 
growing point. The disease produced on cucumber by this virus almost 
invariably results in the death of the plant (Fig. 1, C) . 

An experiment was carried out to investigate whether there was any 
cross immunity between the lovage virus and cucumber-mosaic virus. Six 
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tobacco plants, systemically infected with a yellow strain of cncmnber-inosaie 
virus, and 6 similarly infected with the type virus were inoculated with the 
lovage virus. All 12 tobacco plants developed the necrotic symptoms char- 
acteristic of infection with the lovage virus. There seems, therefore, to be 
no relationship between this virus and that of cucumber mosaic. 

Malvaceae 

Lavatera trimestris {Garden Mallow). The cultivated mallow is suscep- 
tible and develops a faint yellow mosaic. There is no necrosis. 

Cruciferae 

A7^al)is Mr Slit a (Bock Cress). This plant is susceptible, but the symp- 
toms are rather indeterminate ; there may be a tendency to ring formation. 
The virus was recovered from infected AraMs plants by inoculation back to 
other susceptible species. 


Some Properties of the Virus 

Transmission. With the exception of the lovage plant itself, the virus 
is easily transmitted by sap inoculation to most of its host plants, but no 
insect vector is known. Attempts to transmit the virus by means of the 
aphis, Myzus persicae, were unsuccessful. 

Thermal Inactivation Point. The virus was inactivated by a lO-minute 
exposure to a temperature of 60® C., but not to a temperature of 55® C. 

Dilution End-point. Using crude extracted sap from infected White 
Burley tobacco, clarified by spinning, some positive infections were obtained 
at dilutions of 1 : 100 but not at 1 : 1000. The concentration of the virus in 
its host plant, therefore, seems to be very low. 

Longevity in Vitro. The virus remains infective for about a week in 
crude expressed sap at room temperature. 

DISCUSSION 

From a consideration of the symptomatology of the lovage virus, there 
is little doubt that it has not been previously described. There are one or 
two points of interest in regard to the virus that might be emphasized here. 
Its sudden appearance in an isolated plant from which it does not seem to 
have spread in 3 years, and the fact that it does not appear to be insect- 
transmitted are rather unusual. It might perhaps be expected that adja- 
cent celery plants, which, after all, are closely related botanieally to lovage, 
would have become infected, but attempts to transmit the virus to celery 
artificially have proved unsuccessful. Another point of interest is the com- 
paratively high death rate caused by the virus in certain species of plants. 
Tobacco and cucumber are almost invariably killed, while the growing 
points in the pea and the bean are destroyed. 

The extreme difficulty we have experienced in infecting healthy lovage 
plants, either from the original lovage plant or from infected tobacco, is also 
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of interest. In only one instance out of more than 100 attempts did the 
lovage plant become infected, yet it is quite easy to obtain 100 per cent infec- 
tion when the virus is transmitted from lovage to tobacco or from tobacco 
to tobacco. Owing to this apparent difficulty in transmission one cannot 
state definitely that some plants, such as celery, which have proved resistant 
to infection, are actually immune from the virus. There is little doubt, had 
we obtained the virus in the first place in tobacco instead of in lovage, that 
we should have considered the latter plant immune and should not have 
persisted to the extent that we actually did in attempts to infect it. 

SUMMARY 

A new virus affecting lovage (Ligusticum scoticum L.) is described. The 
host range, so far as tested, seems wide and includes plants in the Solanaeeae, 
Umbelliferae, Leguminosae, Cucurbitaceae, Malvaceae and Cruciferae. The 
virus is sap-transmissible but its natural means of spread are not known. 
It is inactivated by a 10-minute exposure to a temperature of 60° G. The 
inf ectivity of juice from diseased plants is low. 

PiiANT Virus Kesearch Station, 

School op Agriculture, 

Cambridge, England. 


^^FEECKLE,^^ A SPOTTING OF TOMATO FEUITS^ 

H.EexTHOMAS2 
(Accepted for publication November 19, 1943) 

A superficial spotting and blemish of ripe tomato fruits, referred to 
locally as '^freckle,’’ commonly occurs on canning tomatoes in Indiana dur- 
ing the latter part of the season. Affected fruits, although off-color in 
appearance, are seldom graded lower at the cannery, and as a result the 
disease causes little loss to the grower. 

The spots are typically small, ^ inch or less, and have a dark necrotic 
center surrounded by a yellow border. The side of the fruits exposed 
directly to the sun is usually more densely spotted. However, the lower 
side of some fruits and those in the center of densely foliated plants are 
often affected. The larger spots or blemishes are dark colored and often 
lack the chlorotic border. They were particularly common on fruits from 
plants from segregating generations of Lycopersicon esculentum Mill, x L, 
pimpinellifolium (Jusl.) Mill. E. E. Lincoln noted apparent differential 
varietal response on the tomato fruit in the tomato breeding plot at Lafay- 
ette, Indiana. Young lesions of anthracnose {Collet otricJmm phomoides 
(Saec.) Chester) (Fig. 1, C) and certain insect punctures, particularly those 
made by the stilt bug {Niedes muticiis (Say)), may be confused with 
freckle. 

Two species of Alternaria have been most frequently isolated from the 
affected areas. The predominance of a particular species varied with the 
time and location where the freckle fruits were collected. In 1939, Alter- 
naria solani (Ell. and Mart.) Jones and Grout was frequently isolated from 
freckle spots on fruits collected at Lafayette and Battle Ground, Indiana 
(Fig. 1, D). Since that time this species has only occasionally been found 
associated with freckle. The organism most frequently recovered was one 
that Charles Drechsler, who examined the cultures, regards as corresponding 
generally to the species widely referred to as Alternaria tenuis Nees. This 
fungus has not been pathogenic on tomato foliage. It had been repeatedly 
isolated from aerial spore traps located at Lafayette, Indiana, in 1938 and 
1939. 

In 1940 and 1941 occasional attempts were made to reproduce freckle 
symptoms on ripe fruits in the field and on detached gi’een-inature and ripe 
fruits in moist chambers in the laboratory by spraying the fruit with a water 
suspension of mycelium and conidia of the above species of Alternaria^ but 

1 Cooperative investigations of tlie Division of Emit and Vegetable Crops and Dis- 
eases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Ee- 
seareh Administration, ITnited States Department of Agriculture, and tlie Department of 
Botany and Plant Pathology, Purdue Agricultural Experiment Station. Journal Paper 
No. 122, Purdue University Agriexiltural ^Experiment Station. 

2 Associate Pathologist, Division of Eruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, United States Department of Agri- 
culture. 
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Fig. 1. a. Tomato fruit showing '' freckle symptoms over entire surface. Note 
chlorotic borders and necrotic centers of spots. B. Fresh mount of epidermal strip from 
a fpckle-affected fruit showing mycelium under the cuticular layer. x500. C. Tomato 
fi'uit showing young anthracnose lesions. B. Young fruit infected by Alternaria solani 
and showing symptoms of a type common in Indiana late in the season. 
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these attempts were generally imsiieeessful. Only a few spots developed 
and these were all on the green-mature fruit inoculated with Alternaria 
solani. Fruits selected in the field to serve as uninoeulated checks fre- 
quently developed symptoms during the incubation periods. 

In 1942, green, green-mature, pink, and ripe greenhouse fruits ^vere 
atomized with water suspensions of Alternaria solani, A. temiiSj a Penicil- 
Hum species, and an unidentified contaminant found in a laborator^^ culture. 
The fruits were kept moist for 3 days after inoculation. When A. temds 
was used for inoculum, minute spots were visible 4 days after inoculation 
on the green-mature fruits (then in the pink stage). When the green fruits 
inoculated with A. tenuis began to turn red, spots typical of freckle ap- 
peared. Only a few spots developed on the fruits that were ripe at the 
time of inoculation. The spots on the green fruits resulting from inocula- 
tion with A, solani were small, raised, and jet black. This type of spotting 
is typical of infection produced by this fungus on the green fruit in the 
field, late in the tomato season, and has been described by Gardner.*"^'^ Prob- 
ably only those infections of A. solani occurring on the green-mature and 
ripe fruit are typical of what is referred to as freckle. No spotting was 
produced by the PenicilUum species or the unidentified organism. 

To study the host-parasite relationships, epidermal strips were removed 
from freckle-affected fruits obtained in the field. The strips were stained 
and mounted in a lactophenol solution of acid fuchsin. Mycelium was 
easily observed in many of the freckle spots (Pig. 1, B). It was in clear 
focus a short distance beneath the cuticular layer. When paraffin sections 
were made from epidermal strips and stained with safranin and fast-green, 
the fungus was observed in a few sections to penetrate through the unbroken 
cuticle. Many affected areas were located beneath cracks in the skin sur- 
face, especially at the bases of broken hairs. 

In the affected areas the cells were brown colored and contained brown 
masses which stained deeply with safranin. What appeared to be oil 
globules and crystals were observed in the cells. The discoloration seldom 
extended through more than 3 or 4 layers of cells below the epidermis. Most 
of the discolored cells, except those in the epidermal layer, were collapsed. 
The mycelium was observed most commonly in the epidermal layer, but was 
found also in the cells below. Cell distortion and discoloration apparently 
occurs in advance of the fungus. 

The few attempts to increase the number of infections on the side of the 
fruit exposed to ultra-violet and infra-red rays were unsuccessful. It is 
suggested that the predominance of infection on the portion of the fruit 
exposed to the sun may result from a heavier deposit of air-borne inoculum 
rather than from any effect from the sun’s rays. The greater abundance 
of freckle late in the season may be explained by the heavier spore load 

3 Orardner, Max W. Indiana plant diseases, 1921. Proc. Ind. Acad. Sci. 33: (1923) 
1924. 

^ Gardner, Max W. Indiana plant diseases, 1925. Proc. Ind. Acad. Sci. 36: (1926) 
; 1927. 
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known to occur in the air at that time, together with the increased exposure 
of the fruits. 

Other fungi may enter the tomato skin and produce a reaction similar 
to that reported above. Ainsworth et aU have described a spotting of 
tomato fruits caused by a Botrytis species under moist conditions. In a 
study of the structure of tomato skins Groth® found patches of brown cells 
wherever the cuticle or cuticular thickening was cracked, and often the 
germinating spores of mold fungi were observed in them. The freckle 
spotting observed in Indiana, however, does not resemble that caused by 
the organism just mentioned and appears to be due to infection either by 
Alternaria solani or by A. tenuis. 

5 Ainsworth, G. C., Enid Oyler, and W. H. Head. Observations on the spotting of 
tomato fruits by Botrytis cinerea. Pers. Ann. Appl. Biol. 25: 308-321. 1937. 

« Groth, B. H. Alfred. Structure of tomato skins. INT. J. Agr. Exp. Stat. Bull. 228. 
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MATURE PEACH FRUITS AFFECTED BY LEAF CURL 

E.M. Hildebrand 
Dept, of Plant Pathology, Cornell University 

(Accepted for publication November 17, 1943) 

It appears that TapJirina deformans frequently affects the fruits of 
peach in New York and elsewhere in the United States but is not often 
observed or recorded on the mature fruits, judging by the paucity of infor- 
mation in the literature. Most records found are of lesions on young or 
half -mature fruits. In years past the disease has been observed on mature 
peach fruits at harvest time in New York State by my colleagues Whetzel, 
Barrus, and Reddick, but not reported. One excellent specimen, preserved 
in the plant pathology herbarium, w^’as collected in September, 1913. The 
surface of one fruit was completely involved. Cunningham^ reported this 
fungus on mature fruits in New Zealand, adding that this may occur more 
commonly than is realized. 

The first record of lesions on mature peach fruits in the United States 
appears to be that of Poole^ who noted affected fruits in the sand hill regions 
of North Carolina in 1932. He records that when the largest fruits were 
one-half to three-fourths of an inch in diameter, small hypertrophied leaf- 
curl lesions were observed confined to the fruit of the varieties Elberta and 
J. H. Hale, usually on one side and near the calyx end. The disease lesions 
enlarged throughout the summer, reaching half an inch in diameter. No 
infections were observed on the early varieties, even when growing in prox- 
imity to affected Elberta and J. H. Hale. It is not clear where the inoculum 
originated nor why the foliage escaped infection. He described the lesions 
as reddish to purplish in color. Because of no further growth in the dis- 
eased areas the fruits were decidedly malformed later in the season because 
starting in as hypertrophic areas the affected tissues became decidedly 
atrophic and the surface smooth. Poole^ mentioned that similar fruit symp- 
toms appeared in Georgia in 1928 and in South Carolina in 1931. The 
greatest amount of infection encountered was 15 per cent; but, ordinarily, 
it was less than 2 per cent. Rose, et al.,^ show color reproductions of symp- 
toms on mature fruits. Their suggestion that such symptoms are the result 
of fungus attacks on maturing fruits seems doubtful. 

The discovery that peach-leaf -curl symptoms were exhibited by maturing 
Elberta fruits in New York in 1943 was made more or less by accident. Due 
to the previous excessively cold winter very few peaches were produced out- 

1 Cunniiigliam, G. H. Leaf curl, bladder-plum, and eberry-eurl. Tlieir appearance, 
cause, and control. New Zealand Jour. Agr. 26: 85-97, 1923. 

2 Poole, B. E. Late infection of peacb leaf curl in the Carolinas. PL Dis. Bptr. 16: 
171-172. 1932. 

3 gee footnote 2. 

4 Bose, D. H., D. E. Eisher, C. Brooks, and C. O. Bratley. Market diseases of fruits 
and vegetables: peaches, plums, and cherries and other stone fruits. U, S. Dept. Agr. 
Mise. Pub. 228, 26 pp. 1937. 
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side of a small area of Niagara Comity. The peach crop in this area was 
kept under close observation by the writer during the sniiimer. Although 
all growers normally spray for leaf-curl control, one grower’s Elberta 
orchard suffered from this disease, which was traceable to the deteriorated 
sulphur fungicide he used. When examining this orchard early in Sep- 
tember it was noted that occasional leaves with curl symptoms minus dis- 
coloration still persisted. On closer examination some of the fruits were 
found to have large reddish lesions covering from one-eighth to three-fourths 
of the surface area, whereas Poole^ states that the lesions reached only one- 
half inch in diameter. The lesions illustrated in figure 1 were relatively 
shallow, being limited to the outer layers of cells. Many of the lesions devel- 
oped cracks running usually in a longitudinal or a diagonal direction. The 
lesions were variable in position, involving areas near the ends of the fruits, 
strips from end to end, one entire side or one-half the fruit, all one side and 


Fio. 1. Leaf -curl symptoms on maturing Elberta peach fruits characterized by strik- 
ing reddish lesions accompanied by atrophy. Eeduced. 

portions of the other side, etc. The percentage of fruit affected from tree 
to tree was ordinarily less than 5 per cent. However, due to prices of 6 
dollars or over per bushel, an economic loss resulted in this orchard. 

Attempts to demonstrate the leaf-curl fungus in the lesions were all 
unsuccessful. However, Cunningham,® in discussing leaf curl on nectarine 
fruits in New Zealand states, ^‘Fructifications may develop on these areas, 
appearing as a delicate bloom ; they are unusual, however. ” 

A histological study employing free-hand sections revealed a large reduc- 
tion in the hairs normally on the surface, which no doubt accounts for the 
•shiny appearance of the affected areas. Cunningham® refers to the fact 
that the lesions . . on peaches often appear as if polished, owing to the 
absence of those hairs which normally cover the surfaces.” The reddish, 
netted discoloration of the lesions on fruits nearing maturity was found to 
be limited to a shallow layer of cells at the surface, ranging to a depth of 
about 8 cells. It was further noted that the cells in the region of the lesion 
5 See footnote 1. 
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-were mueh smaller than normal, possessing thicker walls and more evidence 
of opaque material within them. Stomates were abundant on both healthy 
and diseased areas. 

In conclusion, the strikingly colorful nature of the lesions observed on 
mature fruits in New York agree in general with the descriptions of those 
observed elsewhere. Judging by the nature of its host-parasite relation- 
ship, failure to isolate the leaf-curl fungus from old fruit lesions or to 
observe mycelial elements in connection with them was to be expected. ^ It 
is not yet clear, however, what the conditions are surrounding the origin 
and developmental history of lesions on mature peach fruits. 




EELATION OP RUST DAMAGE IN SEED FLAX TO SEED SIZE, 
OIL CONTENT, AND IODINE VALUE OP OIL^ 

H. H. Tlors 

(Accepted for publication October 22, 1943) 

It is estimated that flax rust, Melampsora Uni (Per.) Lev. reduced the 
yield of flaxseed hi North Dakota in 1942 approximately 25 per cent, or 
about 2,000,000 bushels. ' Bison flax, the principal variety grown, is sus- 
ceptible to North American races of the flax-rust fungus. This variety came 
into general cultivation in the early 1930 ^s, a period characterized by hot 
dry seasons, unfavorable for the development of flax rust. Since 1939 rust 
has become increasingly destructive, and Bison is being replaced by rust- 
resistant varieties. 

Flax rust was generally distributed over North Dakota in 1942, but 
varied greatly in intensity in different sections of the State and even in 
different parts of a field. Infection was general in some fields, but in others 
it was highly variable. Such a variation in intensity occurred in a series 
of seed-treatment plots at Fargo and offered an opportunity to determine the 
effect of variations in rust damage on the quantity and quality of oil obtained 
from the seed. 

Bison seed of high quality was used in this test, and the seed treatments 
with different fungicides had no significant effect on stands. The number 
of plants ranged from an average of 44 to 55 per foot of drill row. Data 
secured by Dillman and Brinsmade^ suggest that in nursery rows, where 
weeds are not a factor, basal branching compensates for wide variations in 
stand. Ill the present tests, actual yields obtained from the various plots 
corresponded so closely to estimates of the relative injury due to rust, that 
yields have been used as the criterion of rust damage. Rust-resistant varie- 
ties in the nursery yielded about 25 bushels per acre. Rust was estimated 
to have reduced the yield of the least injured plot of Bison approximately 30 
per cent. The yield of the 20 plots ranged from 3.6 to 16.8 bushels per acre. 
The seed from the different plots ranged in weight from 5.1 to 6.2 grams per 
1,000 seeds; in oil content from 36.9 to 39.5 per cent; and in iodine number 
from 178 to 183.^ Rust infection was more or less uniform throughout the 
entire row in the least and in the most severely injured plots. In the plots 
of intermediate yield,^ some of the rows showed considerable differences in 
rust damage ; consequently, the harvested seed was a composite from plants 
suffering severe to moderate rust injury. 

1 Cooperative investigations between Division of Cereal Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, Agricultural Beseareh Administra- 
tion, IT. S. Department of Agriculture, and the North Dakota Agricultural Experiment 
Station. 

2 Pathologist, Division of Cereal Crops and Diseases. 

3 Dillman, A. C., and J. C. Brinsmade, Jr. Effect of spacing on the development of 
the flax plant. Jour. Amer. Soc. Agron. 30 : 267-278. 1930. 

4 Oil content computed on basis of 8 per cent moisture in the seed. Iodine number 
determined by refractive index. Analysis by E. P. Painter, Department of Agricultural 
Chemistry, North Dakota Agricultural Experiment Station. 
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The simple correlation coefficients between yield, weight of seed, oil con- 
tent, iodine number, and stand are given in table 1. 

High positive correlation coefficients were obtained between yield, weight 
of seed, and oil content, and high negative coefficients between each of these 
characters and iodine number of the oil. Correlation coefficients between 
stand and the other characters, nainel^^, yield, weight of seed, oil content, 
and iodine number, were within the 1 per cent point and, with one exception, 
within the 5 per cent point, indicating a lack of significance. 

A previous report^ indicated that a light rust infestation, which reduced 
yields 25 per cent or less, had little effect on the oil content or quality. In 
the present tests, no rust-free Bison ^vas available for comparative tests. 
However, the large seeds (6.2 grams per 1000) and high oil content (39.5 
per cent) of the plot yielding at the rate of 16.8 bushels per acre were 

TABLE l.~Con'elation "between yield as influenced by rust infection, and weight of 
1,000 seeds, oil content, iodine mimber, and stand of Bison flax at Bar go, N. Dak,, 


Correlation eoeffieienta with 


Characters correlated ! 

, Yield 

Weight of 

Oil 

Iodine 


1,000 seeds 

content 

number 

Weight of 1,000 seeds 

I -1-0.97 




Oil content 

1 +0.96 

+ 0.94 



Iodine number 

; -0.89 

j - 0.83 

- 0.80 


Stand 

+ 0.40 

+ 0.40 

+ 0.49 

-0.31 


a Coefficients above 0.56 are highly significant (beyond the 1 per cent point). 


greater than usually obtained from Bison in non-rust years, indicating that 
moderate rust damage may not adversely affect seed size and oil content. 

Dillman and Hopper® obtained samples of four varieties grown under 
many different environments where yield was largely determined by mois- 
ture and temperature. They found that, in general, those environmental 
conditions which reduced yield also reduced seed size, oil content, and iodine 
number. 

In the present study, where differences in yield were due principally to 
rust infection, although the range in iodine number was small (178 to 183), 
significant negative correlations were obtained between iodine number and 
yield, seed size, and oil content. It would appear from these results that 
when yield is reduced by rust, the iodine number of the oil is not reduced 
as it is when the flax crop is adversely affected by drought or high tempera- 
tures. 

State College Station, 

Fargo, North Dakota 

5 Elor, H. H. Flax rust. N. Dak. Agr. Exp. Stat. Bimo. Bull. 3 : 7-9. 1941. 

6 Dillman, A. 0., and Hopper, T. H. Effect of climate on the yield and oil content 
of flaxseed and on the iodine number of linseed oil. IT. S. Dept. Agr. Tech. Bull. No. 844. 
1943. 




BACTERIAL SOFT ROT OF SANSBVIERIA 

J. G. Brown and Alice M. Boyle 
(Accepted for publication October 10^ 1943) 

Sansevieria is an ornamental commonly cultivated in greenhouses and 
also planted outdoors in the warmest parts of the United States. Certain 
species of the genus, S. guineensis and 8, trifasciata in particular, are grown 
for their fiber, bowstring hemp, in parts of the tropics. Use of the fiber of 
Sansevieria in a mixture of pineapple and other threads in the manufacture 
of pina and jusi cloths in the Philippine Islands is remembered by the senior 
writer. Ornamental planting of Sansevieria and commercial utilization of 
its fiber indicate considerable cultivation of the herb. Nevertheless, we find 
few references to its diseases and no mention of bacterial maladies affecting 
any plants of the more than forty species of the genus. 

Plants of Sansevieria trifasciata growing in the horticultural green- 
house of the University of Arizona were all killed by disease in the winter 
of 1941-42, although they had been eared for in the usual manner. The 
leaves became yellowish-green to pale-yellow, developed soft, water-soaked 
spots at and above the soil line, toppled over sidewise (Fig. 1, A), and rotted 
off at the base (Fig. 1, G, h, c). The rootstocks became water-soaked, soft 
and straw-colored (Fig. 1, Gy d, e), and the roots died and dried. 

From the lesions on leaf and rootstock of several affected plants, colonies 
of a grayish-white bacterium were repeatedly obtained in pure culture. 
This bacterium, inoculated into healthy plants of Sansevieria trifasciata 
by the needle-stab method, and also sprayed on the same species, caused 
symptoms (Fig. 1, R) identical with the natural infection. The plants 
showed evidence of a ‘^take’’ in 16 days and advanced symptoms of the 
disease, including many dead plants, in 43 days. 

The cause of the soft rot oi Sansevieria is a grayish- white, actively motile 
(by 1 and 2 polar flagella; 12-hr. culture, Casares-Gil), Gram-negative, 
nonspore-forming, slowly gelatine-liquifying, nitrate-reducing, milk-curd- 
ling (but nonpeptonizing) short rod, occurring singly or in chains of 2 to 6. 
Colonies on the surface of potato-dextrose agar plates are circular, elevated, 
smooth, moist-glistening, with well-defined margin. Growth in nutrient broth 
is abundant with formation of a pellicle and abundant flaky sediment. Acid 
curd appears in litmus milk, acid and gas in dextrose broth, and acid in 
1-arabinose, 1-xylose, and raffinose ; the reaction is alkaline in cellobiose, 
maltose, d-sorbitol, levulose, salicin, saccharose, glycerine, lactose, and 
mannitol. The carbon-source media, respectively, were made by adding 2 
per cent by weight of the designated compound, before sterilization, to 
nutrient broth containing 3 g. of beef extract and 5 g. of peptone per liter. 

The bacterium causing rot of Sansevieria trifasciata, Erwinia carotovora, E. aroideae, 
and E* pTiytophthora, wMeh are all soft-rot organisms, are alike in being Gram-negative, 
aerobes, gelatine liquifiers, nitrate reducers, milk and litmus milk curdlers with acid reac- 
tions and no peptonization in the latter, white or grayish white color; acid producers in 
dextrose, l-arabinose, 1-xylose, and raf6.nose ; E. carotovora and E. ph^opMhora agree in 
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failing to produce NHs (reaction of U. aroideae in tliis medium appears to be unreported). 
The Sansevieria bacterium is further like E. carotovora in producing gas in dextrose, and 
both grow well on raw carrot ; it agrees with E. aroideae in producing no indol ; no gas 
in lactose, sucrose, 1-xylose, raffinose, maltose, and levulose. Further similarity to B, phy- 
tophthora is the production of gas in dextrose. 

The bacterium of Sansevieria soft rot is unlike the other pathogens mentioned above 
in motility, failure to reduce litmus, acid reaction in lactose and sucrose, and no acid in 
maltose, levulose, and mannitol ; it is unlike both Erwinia carotovora and E. phytophthora 
and like E. aroideae in its lack of gas formation in lactose, sucrose, 1-arabinose, 1-xylose, 
rafdnose, and levulose ; it is unlike carotovora in causing no odor, no gas in lactose, sucrose, 
1-arabinose, 1-xylose, raffinose, levulose, saliein, in growing poorly on steamed sweet potato ; 
unlike E. aroideae in producing gas in lactose; further unlike E, phytophthora in produc- 
ing no fringed colonies, and it does not brown or blacken raw potato. 


Fig. 1. A. Greenhouse plants of Sansevieria trifasciata Prain affected by bacterial 
soft rot. B, Inoculated plant, with drooping larger leaf and discolored drying smaller 
leaf (left). Control injected with sterile distilled water (right). C. Parts of naturally 
infected plants, a. Exterior of infected, water-soaked leaf base. 6. Water-soaked, 
shrunken part of leaf with base of dead, dried and browned leaf at right, c. Lower part 
of leaf entirely rotted from rootstock, d. Exterior of water-soaked, discolored rootstocks 
to which dead roots and stubs of decayed roots are attached, e. Interior, soft-rotted tis- 
sues of rootstock. 

The bacterium causing the rot of Sansevieria trifasciata herein described 
appears to belong to the group of intermediates mentioned by Stanley,^ who 
reports that 19 cultures or 44.2 per cent of 43 cultures isolated from soft 
rots similarly are intermediate between Erwinia carotovora and JJ. aroideae 
assemblages. • 

Agricultural Experiment Station, 

Department OP Plant Pathology, 

University OP Arizona, Tucson, Arizona. 

1 Stanley, A. R. Physiologic and serologic studies of the soft-rot and colon group of 
bacteria. W. Va. Agr. Exp. Stat. Bulk 287. 1958. 


PHYTOPATHOLOGICAL NOTES 


The Fathogenicity of a Nonsporulating Basidiomycete on Grasses in 
MmJiesota^ — Fusarium sp., Alternaria sp., and a nonsporulating basidioniy- 
cete were isolated from several plants of crested wlieatgrass {Agropyron 
cristatum), which had been severely injured by root rot at Clear Lake, 
Minnesota.^ Earlier studies^ had shown Helminthosporimi sativum P. K. 
and B. and Fythmm graminicolum Subr. to be important in causing root rot 
of this grass in Minnesota. But a nonsporulating basidiomycete had 
hitherto not been isolated. Pathogenicity of the basidiomycete was tested 
in the greenhouse by planting seeds of Agropyron cristatum (L.) Beauv., 
Bromus inermis Leyss., and Festuca elatior L. in steamed soil inoculated 
with cultures of the fungus grown on a corn meal-soil medium and in non- 
inoculated steamed soil. The tests were made in greenhouses maintained 



Fig. 1. Agropyron cristatum grown in the greenhouse at 85, 75, and 65 degrees F. in 
steamed soil inoculated with a nonsporulating ’basidiomycete and in noninoculated soil. 
The grass growing in inoculated soil is seen on the right at each temperature. 


at about 65, 75, and 85 degrees F., respectively. At all these temperatures 
many seedlings of Agropyron cristatum failed to emerge from the inoculated 
soil and many seedlings were killed after emergence. The most severe 
injury occurred at 85*^ F., where only 16 per cent of the plants survived 
after 22 days (Fig. 1). Bromus inermis and Festuca elatior were not 
appreciably affected by the fungus (Table 1). The emergence and sur- 
vival of these grasses on noninoculated, steamed soil were given a rating 
of 100 per cent for the purpose of comparison. 

The fungus produces a dense white mycelial mat on potato-dextrose 
agar; the hyphae are from 3 to 6 p in diameter and bear prominent clamp 
connections. Neither sclerotia nor spores have yet been observed, although 
the fungus was grown on several agar media, in water cultures, and in soil. 

1 Published as Paper 2107 of the Journal Series of the Minnesota Agiicultural Experi- 
ment Station. 

2 The material was submitted by Henry A. Johnson of the Soil Conservation Service. 

3 Andrews, Edward A. Seedling blight and root rot of grasses in Minnesota. Phy- 
topath. 33: 234-239. 1943. 
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The organism grows faster and differs eultnrally from the low-temperatnre 
hasidiomyeete reported by Broadfoot and Cormack.^ It also is readily 
distinguishable from cultures of Typhula itoana Imai,^ and does not re- 
semble other Typhula spp. described by Eemsberg.® 

The nonsporulating hasidiomyeete apparently is restricted to the crown 
of the plant. No lesions were seen on the roots of grasses attacked by this 

TABLE 1. — SiiSceptiMlity of Agropyron cristatumj JBromus inermis, and Festuca 
elatior to a nonsporulating ’hasidiomyeete at three temperatures in the greenhouse 


Emergeneej and number of plants surviving 22 days after 
planting expressed as a percentage of the cheeka 


Grass 

65° 

E. 

75° 

E. 

85° P. 


Emergence 

Healthy 

plants 

Emergence 

Healthy 

plants 

Emergence 

- 

Healthy 

plants 

Agropyron cris- 
tatum 

69 

42 

74 

42 

50 

16 

Bromus inermis 

85 

82 

92 

84 

87 

71 

Festuca elatior 

87 

86 

85 

85 

103 

101 


a One hundred and fifty seeds of each grass were planted at each temperature. 


fungus nor was mycelium observed in any root. In reisolations pure cul- 
tures of the fungus were obtained consistently on potato-dextrose agar from 
the crown of infected plants but not from any other part of the root 
system. — Edward A. Andrews^ University Farm, St. Paul, Minn. 

The Production of Healthy Shoots hy 'Wilted Tomato Plants} — During 
the past few years the writer has had occasion to observe the behavior of 
hundreds of tomato plants, inoculated with Fusarium 'bulhigenum var. 
lycopersici and grown in the greenhouse under optimum conditions. Sus- 
ceptible varieties, such as Bonny Best, usually wilted and died within 3 
weeks after inoculation, but occasional plants, though wilting, produced new 
shoots with no symptoms of disease. These new shoots arose from meriste- 
matic regions near the base of the stem and continued to grow even after the 
main stem had died ; they apparently •were entirely normal and compared 
favorably with branches of healthy plants (Pig. 1). Such healthy branches 
from wilted plants have been observed for 7 weeks after their initial appear- 
ance ,* they produced flowers and even set fruit. The pathogen could invari- 
ably be reisolated from the roots and from the wilted main stem of the in- 
fected plant, both above and below the origin of the young branch. Only 
rarely was it isolated from the new shoot, and then only from tissues immedi- 
ately adjacent to the old stem. Histologic studies showed that the fungus 

4 Broadfoot, W. 0., and M, W. Cormaek. A low-temperature basidiomycete causing 
early spring killing of grasses and legumes in Alberta. Phytopath. SI: 1058. 1941. 

s Cultures of Typhula itoana and the low-temperature basidiomycete were obtained 
from Ian W. Tervet, University of Minnesota. 

6 Uemsburg, Ruth E. Studies in the genus Typhula^ Myeologia 32: 52-96. 1940. 

1 Published as Paper 2108 of the Journal Series of the Minnesota Agricultural Experi- 
ment Station. 
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was present in the vessels of all parts of the main stem, but was exceedingly 
difficult to find in the new shoot. Occasionally, however, a strand of my- 
celium could be seen in sections from the base of the branch. 

The behavior of these plants is puzzling, for the young branch arises from 
meristematic tissues of the susceptible parent and its vessels are continuous 
with those of the crown and roots of the infected plant. The assumption is 
that the fungus would be free to grow into the vessels of the new shoot or at 
any rate the toxin produced by the fungus in the lower portions of the old 


crown could be carried into the new shoot and cause it to wilt. The new 
shoot, however, appears resistant to the pathogen. — ^David Gottlieb, Agri- 
cultural Experiment Station, University Farm, St. Paul, Minnesota. 


Low-lime Bordeaux Mixtwe Controls Leaf Gall on Azaleas —Azsdesi leaf 
gall (Exohasidinm vaccimi fFeM.) Wor.) is widespread in this country and 
Europe, attacking azaleas, rhododendrons, and species oi Vaccinium. The 
galls appear on these hosts in the wild, as well as in the nursery and the 
garden. They have not assumed sufficient importance on cranberries or 
blueberries to warrant control experiments. On azalea, the galls are com- 
monly so scattered as to excite curiosity only, but in wet seasons or in shaded 
gardens they may be so numerous as to cause some alarm. Previously pub- 


1. An inoculated Bonny Best tomato plant showing wilted main stem and vigor- 
ous new shoot. 
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listed accounts of the disease recommend for control the picking and burn- 
ing of the galls and spraying with 8-8-100 Bordeaux mixture during the 
period of vegetative growth. The above strength of Bordeaux mixture has 
been recommended also for control of azalea leaf scorch (Septoria azaleae 
VogL), characterized by leaf spots and premature leaf drop. 

In one of the writer’s pecan experimental blocks near Albany, Georgia, 

9 azaleas {Bhododendron oltusum (Planch.) Wils.) are planted around 2 of 
the trees. These pecan trees are the Schley variety, one that is very sus- 
ceptible to pecan scab, so that 4 spray applications of Bordeaux mixture 
were necessary to control the disease. During the past 9 years these trees 
have been sprayed annually with low-lime-Bordeaux mixture as follows : 
April 10 to 23 — 4-1-100 Bordeaux mixture 
May 5 to 15 — 6-2-100 Bordeaux mixture 
June 1 to 15* — 6-2-100 Bordeaux mixture 
July 1 to 15 — 6-2-100 Bordeaux mixture 

There was a light infection of the Exobasidium galls on the azalea plants 
when the spraying was first begun, but the galls soon disappeared and the 
plants have remained apparently free of all fungus diseases. 

Adjacent to the 9 plants mentioned are 290 other azaleas, Bhododendron 
oltusum (Planch.) Wils., B. macranthwm (Sweet), and B. mucronulatum 
(Blume), all of which carried the Exobasidium disease. A former owner 
preferred to pick the galls by hand, a practice recommended by local 
nurserymen ; but this was a monotonous job and never really controlled the 
disease. Eecently, however, a new' owner took possession of this place and 
on May 10, 1943, sprayed the 290 diseased plants with 6-2-100 Bordeaux 
mixture. Fourteen days later most of the galls had become dry and de- 
tached from the shrubs. By June 1 the foliage had regained its green color, 
and some new growth w^as evident. 

During the past 9 years the 9 azaleas have received 36 applications of 
Bordeaux mixture. There has been no evidence of injury either to flowers or 
plants. The plants w^ere usually in full bloom when the 4-1-100 Bordeaux 
mixture was applied. It is possible that the disease could have been con- 
trolled by the single application of 4-1-100 Bordeaux mixture in April. 

Accumulation of lime with an adverse effect on the pH of certain light 
soils of the South, might result from high-lime-Bordeaux mixture, such as 
the 8-8-100 formula. It has been observed also that this type of Bordeaux 
mixture, at least under certain conditions, may burn the flowers of Indiea 
azaleas, although the leaves are not injured. If Bordeaux mixture is to be 
applied to azaleas, the 6-2-100 formula seems advisable. 

The low-lime-Bordeaux mixture must be carefully prepared, as the mar- 
gin of safety from copper injury is lower than that afforded by high-lime 
formulae.— John E. Cole, Associate Pathologist, Division of Fruit and 
Vegetable Crops and Diseases, Bureau of Plant Industry, Soils, and Agri- 
cultural Engineering, Agricultural Eesearch Administration, II. S. Depart- 
ment of Agriculture. 
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The Nature of Resistance of Flax to Fusarium MtoP— T he nature of resis- 
tance of Bison C.I. 389 and Punjab C.I. 20 flax to the wilt fungus, Fusarium 
Uni Bolley, was investigated by plating on nutrient medium numerous seg- 
ments of the host taken at intervals after sowing in infested soil in the green- 
house. Cultures of 2 physiologic races of F. Uni were added to sterilized soil 
before the seeds were planted. The seedlings were collected daily or every 
other day, cut into segments to 2 cm. long, depending on size of plant, and 
plated on nutrient agar. 

Bison, grown in soil inoculated with Fusarium lini T&ce 6, to which Bison 
is susceptible, yielded F. Uni from the primary roots the day the plants 
emerged, but the fungus was not isolated from the apex of the seedlings until 
7 days after emergence. Thereafter, F. Uni was present in the apex and 
throughout the entire plant; within 20 days all the plants were wilted. 
When Bison was grown in soil inoculated with race 11, to which it is resis- 
tant, it is significant that W. Uni was not isolated from the upper parts, 
although the fungus was universally present in the primary roots near the 
ground line. In Punjab C.I. 20, which is susceptible to races 6 and 11, the 
fungus was prevalent throughout the plants a day or two after they emerged. 

Thus, the resistant Bison actually does not exclude the pathogen, but con- 
fines the less virulent race 11 to the host root and crown tissues and delays 
the development and spread of the more virulent race 6 for several days. 
In the susceptible Punjab there is no such limitation or delay, and the fungus 
develops and spreads rapidly throughout the seedling tissues. 

Other data obtained in these experiments indicate that certain varieties 
of flax may be infected with Fusarium Urn and not wilt, or wilt only partly ; 
in fact, partial wilting is rather common in certain varieties of flax. Also,, 
plants may be killed to the ground line by F. Uni and again give rise to 
healthy shoots. F. Uni was obtained from segments of wilted branches on 
plants in which part of the plant remained green and turgid ; but the fungus 
was not obtained from the green parts. Plants of a number of varieties and 
hybrids that wilted after they had begun to set bolls consistently yielded 
F. Uni from the basal portion of the stems to the apex. These results indi- 
cate that the fungus must actually be present in the tissue of the stem or 
branches to induce wilting. — ^Max Schuster, Div. of Plant Pathology and 
Botany, University Farm, St. Paul, Minn. 

1 Published as Paper 2111 of the Journal Series of the Minnesota Agricultural Experi- 
ment Station. 


ANDEfiS E. LOPEZ ELIAS 
1909-1943 


L. A. Alvarez Garcia 

Andres E, Lopez, for seven years Assistant Plant Pathologist of the Agri- 
cultural Experiment Station of the University of Puerto Eico and a member 
of the American Phytopathological Society, died on February 4, 1943, after 
an illness of one and a half years. 

Mr. Lopez, first son of Mr. Eamon Lopez Linares and Mrs. Teresa Elias 
de Linares, was born on February 4, 1909, on a coffee farm near San Sebas- 
tian, Puerto Eico, and attended elementary school in that town. He entered 
the High School Course of the Polytechnic Institute, at San German, P. E., 
where he was graduated in the year 1928. In the same year he entered the 
College of Agriculture and Mechanic Arts of the University of Puerto Eico, 
where he began the general course in agriculture. At the end of his first 
year he enrolled at Louisiana State University, where he received the degree 
of Bachelor of Science in Agriculture in 1933. Continuing his post-gradu- 
ate studies, he was awarded in 1935 his M.S. degree, with a major in Plant 
Pathology. While at Louisiana he had opportunity to acquaint himself with 
the different types of sugar-cane mosaics under study at the University 
Experiment Station. This experience later proved of value in his work and 
in the preparation of his unpublished thesis on mosaic resistance of different 
cane varieties. 

Upon his return to Puerto Eico he started work as Agronomist in the 
Federal Emergency Eelief Administration, and, later, taught vocational 
agriculture at one of the Second Unit Schools of the Department of Educa- 
tion at San Sebastian, Puerto Eico. He joined the technical staff of the 
Experiment Station of the University of Puerto Eico in 1936 as Assistant 
Plant Pathologist, thus coming to work in the particular line of studies that 
had been his chosen vocation. Greatly interested in his w^ork, he attended 
Iowa State University during 1939-40, where he pursued further phyto- 
pathological studies. 

Shortly after resuming his duties at the Insular Experiment Station he 
married Miss Belen H. Cestero, from Vega Baja, Puerto Eico, and but a few 
months later was taken seriously ill from a childhood infection of Bilharzia 
from which he never recovered. 

With his death both the agricultural experiment station and the agricul- 
ture of the Island lose a genuine scientist of great promise, and his colleagues 
a true and sincere friend. 
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STATISTICAL STUDIES OF DISTRIBUTION OF PSOROSIS- 
AFFECTED TREES IN CITRUS ORCHARDS^ 

A. A, BITANCOURT2 and H. S. PAWCETTS, 4 

(Accepted for publication December 15, 1943) 

INTRODUCTION 

In a number of citrus orchards in California, careful records of psorosis- 
affected trees have been kept by orchard managers and tree surgeons. These 
records, as represented on maps on which the diseased trees have been 
charted, furnish excellent material for statistical analysis. This analysis 
has thrown light on the distribution and probable manner of spread of this 
disease in orchards. 

As shown by Fawcett (3, 4), psorosis of citrus is a virosis that mani- 
fests itself by leaf symptoms of the mosaic type and by bark lesions. On 
young leaves both the veinlets and the adjacent tissue show faint to pro- 
nounced clearing. These small cleared areas, about 1 to 2 mm. long and 1 
to 1 mm. broad, may be numerous and scattered over the entire leaf blade, 
or they may be limited to certain portions. Frequently, a distinct pattern, 
such as the well-known ^‘oak-leaf pattern,” is formed. These cleared areas 
usually disappear as the leaf matures. Bark symptoms rarely occur on 
trees less than 6 to 8 years of age. They usually begin either as scales of 
bark or as aggregations of small pustules, under which are brown specks, on 
the surface of the older bark of trunks or limbs. As the sealing advances, 
the deeper layers of bark, and eventually the wood, become affected. A con- 
siderable amount of gum occurs near the cambium and between layers of 
wood, some of which is pushed to the surface (7) . The wood in later stages 
becomes light drab to brown or reddish brown, the stain progressing in an 
irregular fashion, not necessarily following the grain of the wood (2). Al- 
though the leaf symptoms have considerable importance in connection with 
the study of the disease and are of practical importance for the identification 
of diseased trees, the bark symptoms are the only ones that are readily recog- 
nized. The records used for the present studies were, accordingly, those of 
diseased trees already showing bark symptoms. 

1 Paper No. 501, University of California Citrus Experiment Station, Riverside, Cali- 
fornia. 

Part of this paper was presented at the twenty-sixth annual meeting of the Pacific 
Division of The American Phytopathological Society, Salt Lake City, Utah, June 17 to 19, 
1942 (1). The work reported in this paper was begun during the tenure, by the senior 
writer, of a John Simon Guggenheim Memorial Poundation Eellowship for research at the 
University of California Citrus Experiment Station, Riverside, in 1942, and was com- 
pleted in 1943. 

2 Plant Pathologist, Instituto Biologieo, Sao Paulo, Brazil. 

3 Professor of Plant Pathology and Plant Pathologist in the Experiment Station, 
University of California. 

4 The writers wish to express their appreciation to Messrs. P. S. Sloop, O.W. Murray, 
Homer Barnes, J. 0. Perry, and T. A. Lombard for supplying maps and careful records 
of the distribution of psorosis-aff ected trees in the orchards under their management ; and 
to Dr. E. R. Parker and Dr. P, M. Turrell for their criticism of the manuscript. 
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Observational and experimental evidence bave shown that the transmis- 
sion of psorosis is mostly due to the use of buds from diseased parents. 
Based on this knowledge, a system of registering healthy parent trees has 
been established in California. Trees thought to be healthy are tested 
according to certain rules involving the observation of both leaf and bark 
symptoms, and, if the test indicates that they are healthy, they are registered 
by the State Department of Agriculture. The propagator is then given evi- 
dence of registration, which may be shown to the buyers of trees budded 
from the registered parents (5, 6). 

In the past few years, however, there has been strong indication that bud 
transmission alone could not account for all the psorosis-affected trees ob- 



PiG, 1. Types of stencils used in counting diseased trees around diseased trees and 
diseased trees around healthy trees at distances L (A), 1.4 L (B), 2 L (0), and 2.8 
L (D). 

served in some orchards. For example, in a 35-year-old Valencia orchard 
in Orange County, 9 out of 10 new eases reported in 1939 developed on sup- 
posedly healthy trees that were adjacent to one or more diseased trees. In 
another orchard in Orange County, a planting of about 500 trees, the buds 
of which originated from 1 healthy tree, 4 trees have developed bark symp- 
toms. In an orchard in Ventura County, where the origin of each tree that 
has been planted in the last 18 years has been carefully recorded, a small 
percentage (about 0.3 per cent) of trees budded from trees still living and 
that do not show any symptoms of psorosis, have developed the bark symp- 
toms during the past few years. Similar evidence has been found in several 
other orchards. 

In the majority of orchards in California, the trees of each orchard have 
originated from buds from a number of parent trees. Since in recent years 
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only has it been known that psorosis is caused by a virus transmitted by 
budding, a considerable number of younger trees with psorosis virus in them, 
but showing no bark symptoms, were used unwittingly by nurserymen as 
bud-parent trees. The percentage of psorosis-alf ected trees will vary from 
one planting to another, according to the relative numbers of diseased trees 
furnishing buds for propagation. When whole sections of a given orchard 
are composed of trees from different sources, very striking differences are 
observed, which can only be accounted for when those sources are known. 
An example is the orchard represented by the map in figure 1, 7 sections of 
which are known to have come from 7 different sources. The percentages 
of psorosis-aff ected trees in these sections were found to be 0.57, 10.0, 15.0, 
27.0, 33.0, 34.0, and 44.0, respectively. The statistical method used in this 
paper cannot be applied to such heterogeneous orchards as a whole. 

If the trees of an orchard come from different parent trees, some of 
which are healthy and some of which have psorosis, the conditions of propa- 
gation and planting in the orchard may have been such as to completely 
randomize the position of the diseased trees. This is probably the ease in 
most orchards. The bud sticks usually were gathered by the nurserymen 
from several parent trees, with and without the virus in them. The sticks 
were tied into a bundle, with no attempt to keep separate the sticks from 
different parents. The sticks were further shuffled when the bundle was 
untied in the nursery and sticks were picked, one after another, in the proc- 
ess of budding the trees. As a result, whereas there was a certain amount 
of grouping in the nursery, owing to the fact that usually all the buds from 
the same stick were budded in a continuous series of trees, the sticks them- 
selves were already more or less randomized when budding was performed. 
In the operations of digging out the trees, carrying them to the orchard, and 
planting them, there occurred several new opportunities for further ran- 
domization, so that the final position of the diseased trees in the orchard was 
random. 

While such a random distribution of the diseased trees would remain the 
same in the absence of contamination of healthy trees by diseased trees, with 
spread of the disease there would be an increase in the number of diseased 
trees around the originally diseased trees, which would be determined by 
statistical analysis. 

MATERIALS AND METHODS 

The present study was based on the distribution of psorosis-affected trees, 
as recorded on maps of 14 orchards in Ventura, Orange, Eiverside, and San 
Bernardino counties. The trees in these orchards were of miscellaneous 
parentage, and the percentages of diseased trees ranged from 4.8 to 70.6. 
Statistical methods were used to disclose possible grouping of trees that 
could only be accounted for by the transmission of psorosis from the diseased 
trees to the healthy trees in an orchard. 

Most of the maps represented rectangular orchards, or rectangular parts 
of irregular orchard maps. Orchard 5 (Table 1) was made up of 2 sections, 



TABLE l.—Mean inoidenoe of psorosis-affected trees at distance L from central trees, ^ determined on maps of the various oroliards 
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1 rectangular and 1 slightly irregular; orchard 7 was made up of 4 small 
sections; orchard 6 of 2 sections, 1 rectangular and 1 irregular, of which 
only the reclangular part was used. Maps 8, 9, 10, and 12 represented 4 
almost square blocks of a single orchard. They, however, showed different 
percentages of diseased trees and were, therefore, treated separately. The 
number of trees in the orchards ranged from 570, in orchard 13, to 2756, in 
orchard 4 (Table 1). 

In orchards planted in squares (the only type used in the present inves- 
tigations), there are 8 trees adjacent to every tree (Pig. 3), except those in 





Pig. 2. Map showing distribution of psorosis-affected trees (black dots) in an or- 
cnard in Ventura County, California. The irregularities in the percentages of diseased 
tr^s in various sections are due to the fact that the buds of these trees came from seven 
different sources. 

the borders. If the distance of each of the 4 trees closest to the central tree 
is L, then the distance of the 4 other trees is L'\/2, or approximately 1.4 L. 
Next to these 8 adjacent trees are 16 trees, of which only 8 have been consid- 
ered in the present study, that is, those at a distance 2 L and 2.8 L from the 
central tree. 

It seems reasonable to assume that if a central tree is diseased and has 
contaminated some of the adjacent trees, the number of diseased trees 
around it would be greater than around a central healthy tree. 
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[ Tlie counting of diseased trees around diseased trees and of diseased 

trees around healthy trees was made on the maps with the aid of appro- 
priate stencils (Fig. 2). Each stencil, cut from a piece of paper, disclosed 
5 trees, namely, the central tree and 4 others at a given distance (L, 1.4 L, 
2 L, or 2.8 L). On the tally sheet, there were, for each of these distances, 
2 columns, 1 for diseased trees around diseased central trees and 1 for dis- 
eased trees around healthy central trees. In figure 2, A, for example, it 
may be seen that the central tree is healthy, and that there are 2 healthy 
trees and 2 diseased trees at distances L from the central tree. Accord- 
ingly, in this case, the entry on the tally sheet, under ‘'distance L, healthy 
central trees,’' was “2.” The stencil was then moved on to the next tree 
in the row, and the reading for diseased trees was made and entered on the 
tally sheet, and so on, until readings had been recorded for all the trees 
available for this stencil. The frequencies were then summed up, and the 
means of the two columns under “distance L,” their difference, and its error 
were calculated. Similar readings and calculations were made for each of 
the other distances, 1.4 L, 2 L, and 2.8 L. 

results 

For each of the 14 orchards, the mean incidence of psorosis-affected trees 
adjacent to diseased and to healthy trees, and their mean differences, at the 
various distances, are shown in tables 1 and 2? 

The percentages of diseased trees shown in tables 1 and 2 are based on 
the number of central trees used in each calculation and are slightly differ- 
ent for different distances. While most of the trees in the orchards, in 
applying any given stencil, were used once as central trees and 4 times as 
trees at the given distance from central trees, certain border trees in this 
calculation were not used as central trees because they did not have 4 trees 
around them at that distance. The diseased trees in these border rows, not 
used as central trees for a given distance, were not counted for the total 
J percentage of diseased trees for that distance. Border trees (in any rec- 

tangular orchard) were used from 1 to 3 times, both at distance 1.4 L and 
at distance 2.8 L from central trees, according to position. At distance L, 
however, there is 1 tree at each corner, and at distance 2 L there are 4 trees 
at each corner, not used at all. Whereas there are only 2 rows of border 
trees that are used less than 4 times around central trees at distances L and 
1.4 L from central trees, there are 4 rows at distances 2 L and 2.8 L. 

The “t” test was used to ascertain the significance of the differences (8) . 
In the tables, highly significant differences corresponding to a probability 
of 1 per cent, or less, are marked with two asterisks; significant differences, 
between the 5 and 1 per cent levels, are marked with one asterisk. It may 
be seen in table 1 that, for orchard 1, the mean number of diseased trees is 
slightly, but not significantly, larger around healthy trees than around dis- 
eased trees. All other orchards show a greater mean number of diseased 

s All calculations were made witli a slide rule, and the means are afiPected with errors 
of not more than 0.2 per cent. 


364 


Phytopathology 


[VOL. 


& 


§ 

O 

k:i 

CO 




h:) 




5: 


^ s 


I 

^ X 

w I 


h:5 






W 


02 ®3 

<4 


. 2 - 


d 

O) 


03 CD 

SH 2 
P ® 


b 

rM C 


A ^ 

g'S 

I ^ 


p 


tc 


W 


i\ 

g o S'a 
sg,®s 
“ §’|-s 


fM 


2 o 

1'^ 

o 


O-^OOCMCOtOOCOODCMOO 
OtH'^CNJCOCOCOCSCOOCOtH 
O O CO O O tH tH CD tH O CO 

cdocdocdoocdocdo 

1 1 


OT-IOt>.COCy30rHCD«CDlO 

COCOlOiHOrHOi^COCXiTH 

10 10 t> CO ■'cH TdH OD CD cro 

CD O O O P P P P 00 CO CO 


OJOOOtSiCOCOO'^UOOOCO 
C30 t- Oi CO to 00 CO CO CO tH CO 

tH iq t> CO ca CO «>; CO tH 00 

O o' o’ O P H* P P CO* csj CO' 


cqi>.cqcqcocqcqcqTijcqco 

O p 10 00 p P CD p CO* CO O 

WrHiHTHCOeOCO'^>OCOt>. 


!}C >ic 

5(! Sf; 


>t: :1c 


OOOrJHlOiOt'-.CDOOrHOC^ 
COrHI>-COOO'^OOCOt>ClCO 
CDrHCOOCDCOCOrHcqrHCO 
d d CD O O* CD O* O O o o' 
1 


COlOCOb-'^COr-KOOCOCOcD 
iHC'l'^CO'^CDloCOCOCOCO 
luc iq i>- CO CO CO CD CO iq 

d d d d P P P P P CO* CO* 


COCOCOCOOiOOCOb'COCO 
l>-Tt<COOCOTHTHCDCDrHO 
•ti^cqo3^^-cqcq^^-t^colqoi 
d d d o’ P P P P co’ CO* co’ 


COOOCOOOCOCOCOCOTtlCOCO 


* :i« 




00O00C0 tH 00C0C010C005 
OCDOrJHO-^COlOlOCOcO 
OcDt>.CDrHcqCOcOcqrHCO 
d d d d 0 * o* d d d d d 
1 


lQC0C0lC00OC30'^OO00 
rHCOOrHTiHTHO>OCOlOCO 
Tj^iqiqt-cocoioiqcDcroco 
d d 0 * d P P P P P co’ co’ 


t- CO rH GO 03 L'- CO 50 CO t> 
OCOTH»0'?t<C33COOOOrHI:- 

th CO CO t>* CO iq b- 03 CO iq 00 
o' d P o* P P P P co’ co' CO* 


cq03 03b.OC0C000i0C0C0 
d P P 00 CO* d <03 cd CO* P d 

HrHrHtHCOCOCOTlHlOCOb- 


■^>OC01>.00 03OtHC0C0'^ 


a For explanation of central trees and procedure used, see ^‘Materials and Methods, 
b Based on the number of central trees. 
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trees at distance L from diseased trees than at distance L from healthy trees. 
Except for orchards 2 and 3, the differences found are all significant or 
highly significant statistically. 

Substantially the same results were obtained at the 3 other distances 
(Table 2). Orchards 1, 2 , and 3 were not treated, but results for the other 
orchards show that the numbers of diseased trees around diseased trees as 
centers are usually significantly greater statistically than the numbers of 
diseased trees around healthy trees as centers. Negative differences were 
observed, however, at distance 1.4 L for orchard 4, at distance 2 L for orchard 
7, and at distance 2,8 L for orchards 8 and 9. Furthermore, differences were 
statistically significant, or highly significant, in only 7 of the 11 orchards at 
distance 1.4 L, in only 6 orchards at distance 2 L, and in only 3 at distance 
2.8 L. The tables also show that there is usually a marked decrease in the 
differences as the distance increases. The means of all the differences, and 
their standard errors, not counting the negative differences, are 0.305 ±; 
0.022, for 13 orchards at distance L; 0.262 zt 0.025 and 0.233 ±: 0.027, for 
10 orchards at distances 1.4 L and 2 L, respectively; and 0.119 =h 0.027, for 
9 orchards at distance 2.8 L. 

The decrease of the differences, per unit distance L (assuming that the 
difference at central tree is 1), is 0.695 between the central trees and the 
trees at distance L; 0.108 between trees at distances L and 1.4 L; 0.049 
between trees at distances 1.4 L and 2 L; and 0.142 between those at dis- 
tances 2 L and 2.8 L. As will be seen later, this decrease per unit distance 
from the central tree may represent a mean gradient of infectivity. 

GROUPING OF DISEASED TREES ALONG ROWS OP PLANTING 

The method that has just been described therefore discloses a grouping 
of diseased trees,® Such a grouping of trees might be due to the fact that 
trees originating from the same diseased parents were kept together during 
the several operations from the budding in the nursery to the planting in 
the orchard. It is easily seen that grouping due to such a cause would in- 
crease the differences in the numbers of diseased trees around diseased trees, 
and around healthy trees, only for the distances L and 2 L. For the dis- 
tances 1.4 L and 2.8 L, that is, along the diagonals of the orchard, no such 
effect would be produced in planting. Furthermore, if the grouping of trees 
is due to this cause, it would take place along only one of the two general 
directions of rows of trees in the orchard, that is, along rows or along arrays, 
according to the direction in which the orchard was planted, and analysis 
as above, using the 2 trees at distance L from central trees along rows, and 
the 2 trees at distance L from central trees along arrays, separately, would 
disclose the fact. This analysis in the 2 directions at xdght angles to each 
other was made for all the orchards mentioned in table 1, except orchards 1, 

6 The same grouping also might be shown by fitting a theoretical random distribution, 
such as the binomial or the Poisson distributions, and applying the test of goodness of 
fit. This method was used extensively in the course of the prespt study, but, inasmuch as 
it merely confirms the conclusions reached by the test without giving a measure of 
the differences between diseased and healthy trees, the results obtained are not given here. 
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2, and 3, which in the' previous analysis had not shown significant differ- 
ences at distance L. The results have been entered in columns 8 to 13 of 
table 1. In column 14 the differences between the mean numbers of dis- 
eased trees at distance L from diseased trees, along rows and along arrays^ 
have been entered. 

It may be seen in table 1 that in orchards 6, 9, 10, 11, 12, and 13, there 
were significant or highly significant differences between the mean numbers 
of diseased trees around diseased trees and of diseased trees around healthy 
trees, both along rows (col. 10) and along arrays (col. 13). The differences 
between the numbers of diseased trees at distance L from diseased trees 
along rows and along arrays (col. 14) were not significant. It can be as- 
sumed that the diseased trees from the nursery were thoroughly randomized 
when planted in those orchards. No significant differences were found along 
rows in orchards 5, 7, and 8, or along arrays in orchards 4 and 14. Only in 
orchards 4 and 14, however, were there significant differences between the 
numbers of diseased trees on the 2 sides of diseased trees along rows and 
along arrays (col. 14). Only in those 2 orchards, therefore, is it safe to 
assume that there was grouping of diseased trees at the time of planting. 

ANALYSES OF FICTITIOUS ORCHARDS COMPARED WITH THOSE OF 
ACTUAL ORCHARDS 

As previously stated, the purpose of the present study was to disclose 
grouping of diseased trees that could be accounted for only by transmission 
of psorosis from diseased to healthy trees. -In order to ascertain the effect 
of such transmission (to a known number of trees at different distances from 
given trees) on the differences calculated as described above, maps of ficti- 
tious orchards were prepared. Dots representing psorosis-affected trees, as 
in figure 2, were distributed on these maps according to the method described 
below. 

Maps I, II, and III represented square orchards, map I with 50 rows of 
50 trees each, and maps II and III with 33 rows of 33 trees each. Map IV 
had the same layout as orchard 11 (Tables 1 and 2), namely, 22 rows of 43 
trees each. On each of these maps, a number of dots representing ‘^dis- 
eased'' trees were distributed by drawing at random, first the number of a 
row, from one set of numbered cards, and then the number of a tree, from 
another set. Counts and calculations were then made for distance L on all 
four maps, and also for the other three distances on map I (Table 3). In 
the next step, a given number of dots representing “contaminated" trees 
were placed at random at distance L from the other dots representing “dis- 
eased" trees. This was done by drawing at random, first the number of a 
row, then the number of a “diseased" tree, or dot, and then the direction, 
north, south, east, or west. Counts and calculations were then again made 
for distance L on maps I, II, and III. Finally, the same procedure was used 
for placing given numbers of dots (“contaminated" trees) at the other 3 
distances (1.4 L, 2 L, and 2.8 L) from the “diseased" trees, and the same 
method of calculation was again applied. 
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TABLE 3 . — Bata obtained from maps of fictitious orchards, on which given percent- 
ages of ‘ ' contaminated* * trees were placed at random at distances L, 1,4 L, B L, and 2,8 L 
from randomised diseased** trees and analysed as in tables 1 and 2 


Map and 
count 
Nos. 

Distance 

from 

central 

tree 

Percent- 
age of 
contami- 
nated 
trees 

Percent- 
age of 
diseased 
treesa 
(P) 

Mean incidence 

pd 

4 

Diseased 

trees 

Healthy 

trees 

Difier- 
enceb (d) 

1 

2 

3 

4 

5 

6 

7 

8 

Map I 








Count 1 

L 

0 

8.03 

0.270 

0.325 

-0.055 



1.4 L 

0 

8.03 

0.373 

0.316 

0.057 

0.11 


2 L 

0 

7.99 

0.355 

0.315 

0.040 

0.08 


2.8 L 

0 

7.99 

0.367 

0.314 

0,053 

0.11 

Total 


0 





0.30 

Count 2 

L 

5 

13.03 

1.230 

0.414 

0.816** 

2.66 

Count 3 

L 

5 

19.1 

1.291 

0.635 

0.656** 

3.13 


1.4 L 

3 

19.1 

1.209 

0.652 

0.557** 

2.64 


2 L 

2 

18.8 

1.033 

0.688 

0.345** 

1.62 


2.8 L 

1 

18.8 

0.940 

0.717 

0.223** 

1.05 

Total 


11 





8.44 

Map la 









L 

5 

19.1 

1.443 

0.597 

0.846** 

4,03 


1.4 L 

3 

19.1 

1.223 

0.646 

0.577** 

2.76 


2 L 

2 

18.8 

0.964 

0.708 

0.256** 

1.20 


2.8 L 

1 

18.8 

0.975 

0.706 

0.269** 

1.23 

Total ^ 


11 





9.22 

Map II 



^ 15.2 





Count 1 

L 

0 


0.603 

0.600 

0.003 

0.0 

Count 2 

L 

9 

24.2 

1.474 

0.793 

0.681** 

2.6 

Count 3 

L 1 

9 

32.7 

1.653 

1.122 

0.531** 

4.3 


1.4 L 

5 

32.7 

1.538 

1.161 

0.377** 

3.1 


2 L 

3 

32.2 

1.522 

1.179 

0.343** 

2.8 


2.8 L 

0 

32.2 

1.296 

; 1.286 

0.010 

0.1 

Total 


17 



i 


10.3 

Map III 





1 



Count 1 

L 

0 

19.5 

0.770 

0.782 

-0.012 


Count 2 

L 

15 

34.4 

1.866 

1.125 

0.741** 

6.4 

Count 3 

L 

15 

54.7 

2.409 

1.893 

0.516** 

7.0 


1.4 L 

10 

54.7 

2.278 

2.044 

0.234** 

3.2 


2 L 

5 

54.8 

2.396 

1.906 

0.490** 

6.7 


2.8 L 

3 

54.8 

2,226 

2.081 

0.145* 

2.0 

Total 


33 





18^9 

Map IV 








Count 1 

Jj 

0.0 

42.8 

1.692 

1.713 

- 0.021 


Count 3 

Jj 

13.8 

77.3 

3.125 

2.967 

0.158 

3.1 


1.4 L 

7.8 

77.3 

3.202 

2.712 

0.490** 

9.5 


2 L 

7.8 

79.8 

3.200 

2.923 

0.277** 

5.5 


2.8 L 

3.8 

79.8 

3.125 

2.993 

0.132 

2.6 

Total 


33.2 





20.7 


a Based on the mimher of central trees. 

b * = significant (5 per cent level) ; = highly significant (1 per cent level). 
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Map la was identical with map I, except that 50 per cent of the trees 
placed at distance 1.4 L from the diseased central trees were placed entirely 
at random, and 50 per cent were placed next to contaminated trees at dis- 
tance L from the central trees, while the contaminated trees at distances 
2 L and 2.8 L from central trees were so placed as to he adjacent to con- 
taminated trees at distances L and 1.4 L, respectively, from central trees. 
This map, therefore, reprodnces the condition of an orchard in which the 
disease would have been transmitted to trees at distances 2 L and 2.8 L 
from central trees indirectly through already contaminated trees at dis- 
tances L and 1.4 L, respectively, from diseased central trees. Half the trees 
at 1.4 L from central trees presumably would have been contaminated 
directly by the diseased central trees, and half indirectly through con- 
taminated trees at distance L from the central trees. 

Results of analyses of maps of fictitious orchards are shown in table 3. 
It is seen that, as might have been expected, the first randomization (count 
1) did not show significant differences between the mean numbers of diseased 
trees around diseased trees and around healthy trees. "When, however, dots 
representing ^^contaminated’’ trees were placed at given distances from 
diseased” trees, significant differences appeared. 

Comparison of studies of maps I and la (Table 3) shows that, when 
‘^contamination” of trees at distances 1.4 L, 2 L, and 2.8 L is not the result 
of direct transmission from diseased central trees, the differences for dis- 
tance L are increased. The same undoubtedly also applies to distance 1.4 L, 
but did not show in the ease of maps I and la, owing to the comparatively 
large errors affecting these differences. 

Comparison of the results from the fictitious orchards (Table 3) with 
those from the actual orchards (Tables 1 and 2) shows that map I was some- 
what comparable to orchard 6, and map III to orchard 12 (Table 4). All 
the actual orchards showed smaller differences than the fictitious orchards, 
but not substantially so in several cases. Orchard 6 was the only one in 
which a very conspicuous grouping could be detected on the map. Group- 
ing in the other orchards was not readily detected by simple examination 
of the maps. 

DISCUSSION 

Prom the results obtained with the fictitious orchards, it must be con- 
cluded that, assuming random distribution of diseased trees at the time 
of planting in an orchard, a later grouping of diseased trees, revealed by 
the method reported in this paper, indicates a subsequent transmission of 
disease to healthy trees. The method reveals groupings that cannot be 
detected readily by looking at a map. 

If, instead of using the same trees once as central trees and several 
times as adjacent trees, each tree had been used only once, that is, if the 
orchard had been divided into groups of 5 trees, each group consisting of 
a central tree and the 4 adjacent trees at the given distance, the percentage 
of contaminated trees could have been calculated. We have seen that, in 
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the absence of contamination, no significant difference was found between 
the mean number of diseased trees adjacent to diseased trees and the mean 
number of diseased trees adjacent to healthy trees. With due allowance 
for the effect of random errors, the difference, d, found when contaminated 
trees were added to the map, was, therefore, due to those trees. The proba- 
bility of contamination of any one of the 4 adjacent trees by the central tree 
is, therefore, d/4, and if p represents the percentage of diseased central 
trees, pd/4 represents the percentage of trees contaminated by central 
trees at the given distance. However, inasmuch as the same trees are used 
as central trees and as adjacent trees, p and d are correlated, and the product 
is smaller than the actual percentage of contamination. In table 3 the 
determinations pd/4 have been entered in the last column and can be com- 
pared with the actual percentages of ‘'contaminated^^ trees distributed on 
the maps. While there are minor variations owing to the comparatively 
large errors affecting the results, the formula in most cases gives results 
comparable to, although smaller than, the actual percentages of contami- 
nation. 

The results reported for map la (Table 3, col. 8), for all distances except 
2 L, are greater thaii those reported for map I. It is easily understood 
why the results for distance L, for instance, should be greater in map la, 
reproducing conditions of indirect transmission, than in map I, in which 
a perfect random distribution of contaminated trees at the 4 distances results 
in independent values for the 4 differences. In the ease of map la, trans- 
mission of the disease from the central tree to a tree at distance 2 L is 
through the intermediate tree at distance L from both. The difference for 
distance L will, therefore, contain the effect of the transmission from the 
central tree to the tree at distance L and to the tree at distance 2 L ; for the 
same reason, it will also contain the effect of transmission to a tree at dis- 
tance 1.4 L. Similarly, the difference for distance 1.4 L will also contain 
the effect of transmission to distance 2.8 L. For maps I, II, III, and IV, 
an estimate of the total percentage of contaminated trees, therefore, is rep- 
resented by the sum of the 4 calculated percentages (Table 3, col. 3), while 
such a sum is likely to be too great in cases like that of map la. The fact 
that the sum of the calculated percentages was 9.22, while the actual per- 
centage was 11, is due to the fact that the estimates are too small, owing to 
the correlation between p and d and also to the effect of random errors. 
Apparently, a correct minimum estimate for such conditions as those rep- 
resented by map la would be given by the sum of the estimates at distance 
L and at distance 2.8 L. 

The results of the application of the formula pd/4 to the data of tables 
1 and 2 are shown in table 5. These results are, of course, valid only in ease 
there has been no other cause of grouping in the orchards. They are com- 
parable to results that would be produced by percentages of transmission, 
at distance L, ranging from 0.3 in orchard 5 to 8.9 in orchard 12. These 
percentages correspond to 2.2 and 17 per cent of the total number of dis- 
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eased trees in the two orchards. If the mode of transmission to trees at 
distances 1.4 L, 2 L, and 2.8 L is direct, as in maps I, II, III, and IV, the 
figures in table 5 are independent and should be summed up to give a mini- 
mum estimate of the total percentage of contaminated trees at the 4 dis- 
tances. This will give 1.2 per cent of contaminated trees for orchard 5, and 
20.9 per cent for orchard 12, corresponding to 8.7 per cent, and 39.8 per cent, 
respectively, of the total number of diseased trees. 

If, on the contrary, transmission is partially or totally indirect,, as in 
the case of map la, the figures relative to distances L and 1.4 L also contain 
the effect of the transmission to trees at the other distances, and these sums 
are likely to be too great. The figure for distance L does not, however, 
contain the effect of transmission to distance 2.8 L, and the sum of the figures 
for these two distances is apparently a good minimum estimate of the per- 


TABLE 5. — Minimum estimates of the percentages of ‘ ^ contaminated^ ’ trees, calcu- 
lated hy means of the formula pd/4, ^ from the data in tables 1 and on the assumption 
that ^ ‘ diseased^ ’ trees were randomised at time of planting 


Orchard 

No. 

Percentage 
of diseased 
trees^ (p) 

Calculations (pd/4) at distances : 

L 

1.4 L 

2L 

2.8 L 

4 

i 10.3 

0.5 

c 

0.2 

0.2 

5 

13.8 

0.3 

0.3 

0.4 

0.2 

6 

14.9 

2.6 

2.6 

1.5 

1.0 

7 

18.7 

0.6 

0.2 

— 

0.1 

8 

32.0 

2.4 

0.8 

0.7 

— 

9 

35.6 

3.5 

3.1 

3.0 

— 

10 

39.6 

5.0 

2.2 

2.9 

1.3 

11 

42.8 

3.0 

3.8 

1.4 ■ 

0.9 

12 

52.5 

8.9 

4.7 

4.9 

2.4 

13 

61.6 

5.0 

2.5 

3.0 

1.3 

14 

70.6 

6.5 

4.2 

6.4 

3.8 


a p = percentage of diseased trees; d/4 = probability of contamination of any one of 4 
adjacent trees by tlie central tree (see ^ ^Discussion’ ^). 

Based on the number of central trees for distance L. 
c Dashes indicate negative differences for d, where diseased trees were greater around 
healthy trees than around diseased trees. 

centage of transmission to the trees at the four distances, if no other cause 
of grouping occurs in the orchard. These totals range from 0.5 per cent 
in orchard 5 to 11.3 per cent in orchard 12, representing, respectively, 3.6 
and 21.5 per cent of the total of diseased trees. 

Among the possible causes of grouping of psorosis-affected trees, other 
than the transmission of the disease from diseased to healthy trees, is, as 
already mentioned, the grouping along rows by the planting of trees from 
the same parent trees. This would not affect the grouping along the 
diagonals, detected in the analysis for trees at distances 1.4 L and 2.8 L. 
For instance, the estimates of 0.2 per cent at distance 2.8 L for orchard 4 
and of 4.2 per cent and 3.8 per cent at distances 1.4 L and 2.8 L, respectively, 
for orchard 14 (Table 5), are entirely independent of a possible grouping 
of trees at the time of planting. It was shown that in the case of only two 
orchards (see Table 1, orchards 4 and 14) did the analyses for diseased 
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trees at distance L from central trees, along rows and along* arrays, show 
that such a grouping had possibly occurred. Figures for distances L and 
1.4 L, in those two orchards, are apt to contain the effect of that kind of 
grouping. 

Another cause of grouping would be the replacement of groups of 
psorosis-free trees by diseased trees. One possibility in this connection is 
the replacement of whole groups of trees that have died or declined as a 
result of waterlogging, or as a result of diseases to which waterlogging is a 
contributing condition, in parts of the orchard. Such a grouping, however, 
probably would be more plainly apparent on the maps than has been the 
case in the orchards used in this study. 



Pig. 3. Diagram illustrating the gradient of infectivity around a diseased tree. The 
diameters of the circles representing the 16 trees at distances L, 1.4 L, 2 L, and 2.8 L are 
proportional to the means of the differences in tables 1 and 2. The 8 trees represented 
as dots^ were not included in the study. These trees and others at greater distances, not 
shown in the diagram, would probably have shown small differences. 

While the possibility of other causes of grouping cannot be dismissed, 
it does not seem probable that they would have acted in all the orchards 
used in this study, and it is safe to conclude that it has been demonstrated 
that a considerable percentage of trees, originally healthy in many orchards, 
may have contracted the disease from near-by trees that contained the 
virus at the time they were set out in the orchard. 

There are several possible means of transmission that might be involved 
in the grouping of diseased trees revealed in this study; these include root- 
graft transmission or transmission by insects, rodents, or other animals, 
from tree to tree. The comparatively rapid decrease of the differences as 
the distance increases seems to favor transmission by root grafting. This 
decrease is actually a measure of a gradient of infectivity around diseased 



Fig. 4. Boots from adjoining trees, showing natural grafting where they had 
crossed. Such grafts have proved sufdeient to transmit psorosis from one tree to another. 
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trees. In the measuring of this gradient, all trees nsed as central trees are 
concerned; it is, therefore, the measure of a mean gradient of infeetivity 
different from the gradient of infeetivity often considered in problems of 
transmission of plant diseases in the field. Figure 3 represents this gradient 


374 


Phytopathology 


[VoL. 34 


of infectivity diagrammatieally. Bach tree, except the central tree, is rep- 
resented by a black circle, the diameter of which is proportional to the mean 
difference, at the given distance, for all the orchards showing a difference 
in favor of diseased central trees. This diagram shows that trees other than 
those considered in this study might have revealed transmission from the 
central tree if the method had been applied to them. 

Observations have been made pointing to transmission by natural root 
grafting between roots of diseased and healthy trees. A number of natural 
root grafts have been found (Pig. 4) between adjacent trees in commercial 
orchards and between trees in the nursery. Boot grafting has been shown 
to be a means of transmission by grafting experiments in which roots of 
diseased trees were grafted to healthy trees in the nursery and in the 
orchard. It is easily understood how a rather considerable number of new 
cases of psorosis may arise when the growth of the root system has reached 
the stage where natural root grafting is possible between adjacent trees. 
A number of healthy trees can be infected almost simultaneously if they 
are already connected by their root systems at the time one of them is natu- 
rally root-grafted to a diseased tree. Such a mode of transmission is com- 
parable to the condition established in the preparation of map la. 

Negative results only have been obtained in the limited number of experi- 
ments attempting transmission of psorosis by means of certain insects, and 
observational evidence appears to point to its not being an effective means 
in California. This means, however, cannot be entirely overlooked. Ob- 
servational evidence, so far, suggests only a very slow and infrequent trans- 
mission from tree to tree by some such means, in addition to natural root 
grafting. 

SUMMARY 

On the maps of 14 sweet-orange orchards in California, on which 
psorosis-diseased trees, ranging from 3.8 to 70.6 per cent, had been recorded, 
counts of diseased trees around diseased trees and around healthy trees 
were made. The counts were made separately, first for the 4 trees closest 
to the diseased or healthy central trees (those at distance L from central 
trees), in all 14 orchards, and then, successively, for the 4 trees at distances 
1.4 L, 2 L, and 2.8 L from central trees, in 11 of the orchards. 

In one orchard there was a greater (nonsignificant) number of diseased 
trees at distance L from healthy trees than at distance L from diseased trees. 
In 13 orchards there were greater numbers of diseased trees at distance L 
from diseased trees than at the same distance from healthy trees, and the 
differences were significant or highly significant statistically in 11 of these 
13 orchards. For these 11 orchards, differences in favor of diseased trees 
were found in 10, 10, and 9 orchards, at distances 1.4 L, 2 L, and 2,8 L, 
respectively, the differences being significant or highly significant in 7, 6, 
and 2 of the orchards for the respective distances. A marked decrease of 
the difference was observed as the distance from the central tree increased, 
the mean for all the differences available being 0.305 ±; 0.022 for distance L, 
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0.262 zh 0.025 for distance 1.4 L, 0.233 ± 0.027 for distance 2 L, and 

0. 119. ±; 0.027 for distance 2.8 L. 

A separate anal^^sis for the two trees at distance L from diseased trees 
and from healthy trees, along rows and along arrays, showed that in only 
two orchards were there significant differences in the mean number of 
diseased trees at distance L from diseased trees along rows and along arrays. 
This difference is interpreted as indicating that in those two orchards runs 
of diseased trees from the same budstiek from diseased parent trees were 
set along rows at the time the orchards were planted. 

Comparison with maps of fictitious orchards, on which given percentages 
of diseased trees were randomly distributed at given distances from ran- 
domly distributed diseased trees, showed that the differences found for the 
actual orchards were in some orchards comparable to those that would occur 
if from 2.2 to 17 per cent of the diseased trees in the orchard had become 
diseased as a result of transmission from diseased trees at distance L, with 
correspondingly decreasing percentages as the distance increased. 

Among the possible causes of transmission of psorosis, root grafts occur- 
ring naturally in the orchard are considered as most likely to result in (1) 
the high percentage of transmission that would produce differences as great 
as those observed and in (2) the comparatively rapid decrease in the dif- 
ferences as the distance from a central tree increases. The possibility of 
additional means of transmission, as by insect vectors, cannot be entirely 
dismissed. 
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CONTEOL OF THE TEUFPLB IN BEDS OF THE 
CULTIVATED MUSHEOOM 

Albert M. Kligman 
(A ccepted for publication December 30, 1943) 

The invasion of mnshroom beds by the weed fungus, Psetcdohalsamia 
microspora Diehl and Lambert, causes a substantial annual loss. The wide- 
spread fear of this organism among mushroom growers is principally due 
to their lack of knowledge concerning its source and control. 

The truffle has been scientifically recognized since about 1927 (2). At 
the present time the organism is extremely widespread and probably exists, 
at least to some extent, wherever mushrooms are grown. 

GENERAL DESCRIPTION OP THE INFESTATION 

The fungus first manifests itself at the time of the first break,’’ or, 
later, as small wefts of white to cream-colored mycelium under the side- 
boards. About a week later the wefts become organized into the character- 
istic wrinkled, flattened ‘^calves brains,” or ascoearps (Pig. 1, C). At this 
stage ascoearps may begin to form over the surface of the soil and can be 
generally found in the compost directly underneath. The infestation may 
be restricted to several small plots in the bed or may affect the entire bed. 
Frequently, only a few beds in an entire house may show signs of it. Under 
some conditions only the top few inches of spawned compost may be invaded, 
although in other cases the invasion may be more general. The mushroom 
mycelium disappears in infested areas ; the compost becomes black and damp, 
and mushroom production stops. A characteristic chlorine-like odor per- 
vades badly infested houses. 

The internally borne spores are formed shortly after the ascoearps ap- 
pear and are liberated when the cream-white fruiting bodies become reddish- 
brown and punky, with subsequent disorganization. Ascoearps on the sur- 
face begin to break down after about 6 weeks, while those in the compost 
remain intact for a considerably longer time. Diehl and Lambert have 
thoroughly described the organism (2). 

GERMINATION OP THE SPORES 

Truffle spores may be germinated readily by inoculating a suspension into 
an ordinary bottle of pure-culture manure spawn. If desired the manure 
spawn may be autoclaved before inoculation with truffle spores, although 
there is no advantage in this. Wetting the spawn is unnecessary and may 
even lead to failure if done to excess. 

The first evidence of growth is a luxuriant and conspicuous white my- 
eelium around the top of the bottle (Pig. 1, A). Ascoearps form abun- 
dantly between the spawn and the glass walls of the bottle. Attempts to 
germinate spores on other media have failed. If sterile compost is simul- 
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F'ig. 1. Different ajspects of the truffle {^Beudobaisamia mictospora) in 

culture. A. Mycelial stage. B. Thirty-day-old culture incubated at 74° F. 0. Char- 
acteristic wrinkled aseocarp stage. 
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taiieously inoculated with mushroom mycelium and truffle spores, the spawn 
will develop in the usual manner, but the subsequent appearance of the 
truffle is not at all conspicuous, and ascocarp production is reduced. 

The optimum temperature for germination is 87° F. At this tempera- 
ture growth becomes evident in about 11 days. At 60° F. the spores fail 
to germinate. At 72° F. an approximate incubation period of 25 days is 
required. 

Germination in manure spawn occurs in the moisture range of 100-250 
per cent on a dry weight basis. Spore germination shows a much more dis- 
tinct preference for dry conditions than is commonly supposed. The opti- 
mum moisture condition for germination is about 130 per cent. Germina- 
tion is retarded or may fail altogether when the moisture content exceeds 
200 per cent. 

FACTORS AFFECTING GROWTH 

The optimum temperature for mycelial growth is 83° F. with a minimum 
at 52° F. and a maximum at 97° F. (1). The pH range in which growth 
is tolerated is 4.5“7.5, with an optimum at 6.8 (1). 

In the temperature range 55-85° F.., the truffle mycelium grows much 
more rapidly than that of the mushroom. When a Petri dish is simul- 
taneously inoculated with both organisms and incubated within this tem- 
perature range, the mycelium of the truffle will virtually surround the 
mushroom mycelium in a short while. 

Truffle mycelium grows in pure culture spawn in the moisture range of 
100-300 per cent with optimum growth at 185 per cent on a dry weight 
basis. 

CULTURE MEDIA 

Pure-culture manure spawn is the most satisfactory medium for growth 
and ascocarp production. When pure-culture spawn is inoculated with 
truffle mycelium an abundance of fruiting bodies can be had in 9 or 10 days 
at 83° F. Potato-dextrose agar supports growth fairly well with limited 
production of ascocarps. The organism grows very weakly in sterile com- 
posted manure at pH 7 and not at all in nonsterile compost at the same pH. 
Growth on the former medium is considerably improved by the addition of 
a spawn extract. Growth is poor in ordinary garden soil, but, again, is 
rather good in soil taken from a bed that is producing mushrooms. It seems 
evident that mushroom mycelium releases a substance that is specifically 
stimulating to the growth of truffle. Good evidence that the truffle is not 
parasitic on mushroom mycelium is afforded by the fact that it will not 
grow in a rye spawn medium, even though mushroom mycelium flourishes 
on rye grains. 

A rather good growth of truffle can be secured on oat hulls supplemented 
with garden soil. It grows well— even fruits — on moist mushroom-house 
boards, a factor to be taken into consideration when disinfection of the 
boards is contemplated. 
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SOURCE OP THE SPORES 

At an early stage of Ms investigations, Lambert (4) suggested that the 
triiflfle probably inhabited the soil. Glasscock and Ware in England have 
brought forth evidence to support this view (3). Their observations on 
normal and infested beds cased with soils from different areas indicated that 
a particular soil source was carrying the spores. This presumptive evidence 
was confirmed when they succeeded in securing a growth of truffle by plac- 
ing a layer of suspected soil over pure-culture spawn in a test tube and incu- 
bating at 83° F. 

The f ollowing account implements the belief that the soil is the primary 
source of spores. A mushroom grower in Delaware converted a small stone 
structure near his main plant into a mushroom house. The manure, soil, 
and spawn used in this house and in the main plant were similar ; neverthe- 
less, every bed in the stone house was invaded by truffle, while the main 
plant was entirely free of the fungus. Further inquiry revealed that the 
manure for the small plant had been composted on a sodded area next to 
the regular composting ground. On Dee. 18, 1941, a number of soil samples 
were removed from the sodded area and placed over a 3-inch layer of manure 
spawn in preparation dishes 10 inches in diameter. The same procedure 
was f ollow^ed with soil from the regular composting ground, as well as with 
garden soil used as a control. All dishes were incubated at 74° F. One 
month later the dishes containing soil from the sodded area showed a con- 
spicuous growth of truffle (Pig. 1, B). The control and the soil from the 
regular composting ground were free of the fungus. 

There can scarcely be any doubt that the sod was contaminated with 
tnxffle spores that were worked into the manure during the turnings of the 
heap. At least the upper inch of sod had been worked into the manure by 
this means. Later attempts to find ascocarps in the sodded area during the 
summer were unsuccessful. Incidentally, mushroom houses are as yet the 
only known habitat of the fungus. 

The experience of another grower in the Oxford area is illustrative. 
Shortly after easing, the mycelium of the mushroom came up through the 
soil and formed a thin mycelial mat in several places throughout the house. 
Since the grower had none of the soil left with which he had originally cased 
his beds, he secured some nearby soil and distributed it lightly over the areas 
containing mycelial mats. Truffle later appeared in almost every one of 
these spots, whereas the rest of the house was not invaded. The house tem- 
perature was unusually high during this period and contributed to the 
severity of the outbreak. Again it seems very likely that the soil placed 
over the spots containing mycelial mats was contaminated. 

Manure spawn often has been imputed as a possible carrier of spores. 
Distasteful as the idea is to manure-spawn makers, the possibility must be 
admitted. Unless the sterilization procedure is thorough, the heat-resistant 
spores might survive and be carried over into the beds when the spawn is 
planted. In bottles of compost contaminated with truffle spores before their 
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inoculation with mushroom mycelium, the appearance of truffle growth is 
not at all conspicuous, being limited to scanty ascocarp production with 
little evident mycelium. Since manure-spawn bottles are sold or put iu 
storage after about 5 weeks of incubation, a small growth of this sort mio'ii+ 
go undetected. 

In one particular instance a grower planted the two halves of his house 
with spawn from two different manufacturers. A large amount of truffle 
appeared in one half of the house but not at all in the other. All other 
factors in this house were identical. It would be difficult to avoid the con- 
clusion that the spawn was contaminated. 

The rapid spread of truffle in the mushroom industry after its recogni- 
tion in 1927 might have been due to contaminated manure spawn. It has 
been the practice of certain spawn makers in the past to add soil to their 
compost ; and the initial contamination of the raw material for spawn mak- 
ing might have occurred in this fashion. It should be emphasized, however 
that the present spawn makers are keenly aware of the danger of contamina- 
tion and have taken extraordinary steps to obviate it. There is very little 
likelihood that spawn purchased nowadays can contain living truffle spores. 
Since the truffle does not grow in rye spawn and there is little likelihood of 
rye grams being naturally contaminated, the possibility of spreading truffle 
spores through this medium must be discounted. 

INFECTIVITY EXPERIMENTS 

Beach (1) secured only occasional success when attempting to establish 
an infestation by inoculating the manure with spores. 

In the winter of 1941 the writer made, without success, 16 separate at- 
tempts to infest mushroom beds. The spores were distributed in the com- 
post before and after composting, after spawning, and also were applied to 
the easing soil. The inoculations were made in different houses in which 
the temperature and other conditions were regulated in a manner optimum 
for mushroom production. In none of these cases was the temperature 
favorable for the development of truffle. 

On 5 occasions ascocarps that had appeared in a bed were deliberatelv 
removed and mixed with spawn of the same and different houses without 
resulting infection. 

In another series of experiments small cans 9" in diameter and about a 
toot high were filled with composted manure and placed in mushroom 
houses. These cans were inoculated with spores before and after the 
sweat-out” and after easing. After the spawn had “run” in each can, 

5 of these were removed to a room thermostatically controlled at 74° P. 
while the remaining ones were left in the mushroom house at about 62° P. 
After 6 weeks, 2 of the cans at 74° P. showed signs of truffle; neither the 
remaining cans at 74° P. nor those left in the house developed truffle within 
the next 2 months. Parts of this experiment were repeated with the invari- 
able result that truffle did not always appear, even when the temperature 
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In general, temperature appears to be a critical factor in tlie appearance 
of the weed fungus in contaminated beds; nevertheless, since growth does 
not always occur under favorable temperature conditions, other factors are 
obviously involved. This is a particularly complicating feature of the 
truffle problem. Further work on the factors influencing spore germination 
certainly is indicated. It should be pointed out that truffle spores always 
germinate in pure-culture manure spawn under favorable temperature con- 
ditions; hence, the answer to this problem lies in investigating the manure 
as it is prepared for mushroom growing. 

On many occasions samples of spawned compost were taken out of 
mushroom houses and inoculated with truffle mycelium. In almost every 
case the mycelium was able to become established and form ascocarps. This 
was not the case when the same spawn samples were inoculated with spores. 
The failure to secure an infestation under apparently favorable conditions 
is not due to conditions adverse to mycelial development, but to conditions 
that suppress spore germination. 

THERMAL DEATH POINT OP TRUFFLE SPORES 

Spores have been reported (4) able to withstand a temperature of 180"^ 
F. for 5 hours. A series of bottles containing pure-culture spawn were 
inoculated with spores and subjected to various temperatures. The ability 
of spores to survive 180^ F. for 5 hours was evident; however, they were 
killed after 7 hours at this temperature. Spores survived 3 hours at 200° 
F. In each case of survival at high temperatures there was no marked 
reduction of the incubation time. The spores are killed by the regular auto- 
claving procedure of 20 minutes at 250° F. The extraordinary resistance 
of the spores precludes any possible control by the use of heat. 

FUNGICIDES 

Stoller (5) exposed spores for 24~48-hour periods to 19 fumigants. 
‘Only ammonia, dimethylamine, quinoline, and methanol retarded germina- 
tion for 4 months or longer, while the remainder were ineffective. Complete 
details of his tests were not given. The commonly used formaldehyde and 
sulphur dioxide gas were without effect. Apparently no fumigant gave a 
•complete kill. Stoller suggests that the ammonia evolved during compost- 
ing may serve to retard spore germination. 

Fungicidal tests were made as follows: In the ease of fumigants, asco- 
carps were crushed and laid upon glass slides to dry. The slide was then 
placed in a chamber saturated with each fumigant for the desired period 
of time. The spores were then washed off the slide and inoculated into 
•duplicate bottles of pure-culture manure spawn. In the case of fungicidal 
liquids, the spores were suspended in water and 3 ml. of the suspension 
added to an equal volume of the liquid. After the desired exposure, the 
■spores were filtered off under gentle suction on a thick asbestos pad. The 
pad was washed and the spores mixed into 50 ml. of water. Twenty-five ml. 
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of this asbestos suspension containing spores was put into each of 2 bottles 
of pure-enlture manure spawn. 

The spores were exposed for periods ranging from 1 to 6 hours. Vari- 
ous concentrations of liquid materials were employed. In no case were the 
spores killed. The following concentrations of various materials failed to 
kill after 6 hours : 1 per cent mercuric chloride, 2 per cent phenol, 2 per 
cent copper sulphate, 2 per cent ammonium hydroxide, 1 per cent glacial 
acetic acid, 1 per cent acetone, 1 per cent methyl alcohol, 0.50 per cent 
sodium ortho-di-nitro-cresolate, 0.50 per cent sodium tetra-chlorophenolate, 

0.50 per cent sodium tri-ehlor-phenolate. The following fumigants also 
were ineffective after 6 hours : formaldehyde, chlorine, sulphur dioxide, and 
chloropicrin. Although there was evidence of inhibition of germination in 
the cases of formaldehyde and ammonium hydroxide, a vigorous mycelium 
nevertheless appeared in the spawn bottles after 7 weeks. 

CONTROL MEASURES 

The soil is the primary source of spores : there are, however, various 
means by which the spores are actually introduced. 

1. Infested soil may be added to the manure before or during compost- 
ing. Many growers add soil because of the physical benefits conferred on 
the manure. Recently, it has become the practice to add 25-30 pounds of 
gypsum per ton of manure instead of soil, and this should be encouraged. 
It is not possible, apparently, to eradicate the spores in the soil by the use 
of steam or the usual fumigants. 

2. The composting ground may be contaminated and spores may be 
worked into the manure during the turning of the heap. Composting over 
fresh sod or other plant-supporting ground should be avoided. Only a well- 
packed and well-drained composting ground should be used. 

3. Spores may be brought in with contaminated casing soil. As men- 
tioned above the ordinary techniques of soil sterilization are not effective 
against truffle spores. Under ordinary circumstances spores brought in with 
the casing soil are not likely to do any damage because the temperature 
usually is lowered sufficiently at this stage to prevent germination. Of 
course, this would not be true in unusually warm weather. In addition, 
soil-borne spores may serve to reinfest the following crop. 

The failure of truffle spores to germinate at a temperature of 60° P. 
offers a positive means of controlling this weed fungus. At this tempera- 
ture a perfectly normal, though slower, set of spawn can be secured. The 
loss in time is more than offset by lack of damage. An instance may be 
reported of a grower wffio suffered constantly from truffle until he was in- 
duced to run his spawn at a lower temperature, after which he became imme- 
diately free of it. Apparently, the question of reinfestation must be 
attacked in the same manner. Fungicides appear to be ineffective in eradi- 
cating the spores. Temperature control is, however, perfectly reliable and 
easy. ' • ■ ' ■ ■ 
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Experiment has shown that, even though truffle mycelium does grow on 
bed boards, the mycelium is easily killed by drying. There is probably very 
little trouble from this source. 

Although the belief is widespread among mushroom growers that the 
truffle spreads from its primary site to other sites in the same or other beds, 
there is actually no evidence of this. Frequently only one or two spots of 
truffle appear in an entire house. The organism does not migrate through 
the compost continuously from a point of infection. Usually, it forms irreg- 
ularly round patches and then stops. The universal appearance of the weed 
in the bed means that the spores were widespread initially. 

As for possible bed-to-bed spread by means of spores, it should be pointed 
out that the temperature ordinarily is too low to permit their germination. 
Numerous experiments have confirmed this. 

Growers commonly apply salt, formaldehyde, and other fungicidal mate- 
rials to areas where ascocarps have appeared. This practice is not justified. 
In the first place the spores are resistant to the usual fungicides, and, even 
though they were not, it would be difficult to get at the internally borne 
spores, especially those contained in ascocarps deep in the manure. Sec- 
ondly, by the time the application is made the infestation is already firmly 
established. Since secondary infection does not occur, the use of chemicals 
seems superfluous. 

Truffle-infested areas frequently can be brought back into production if 
the area is not drenched with chemicals inimical to the mushroom spawn. 
Frequently, the invasion of the bed is superficial, involving only the top few 
inches of manure. In such cases there is usually healthy spawn underneath 
the infested area. Observation seems to indicate that the invasion tends to 
be superficial when the compost is packed rather tight in the bed. In such 
cases, the infested area can be dried up until the ascocarps have begun to 
desiccate and the truffle mycelium has passed its climax and disappeared. 
After this, water may be applied to encourage the spawn underlying the 
infested area to reinvade the compost and form fruiting bodies. The bed 
should be allowed to dry for 3 weeks or longer before it is watered again. 
One grower who has benefited greatly by this procedure estimates that he 
has been able to save about 50 per cent of his crop in infested areas. Of 
course when the invasion is deep and no healthy spawn remains in the bed 
it is futile to follow this procedure. The presence of spawn can be easily 
.determined by inspection. The use of chemicals is not justified, even in the 
case of deep invasion. 

The practice followed by some growers of digging a deep trench around 
infested areas also is not indicated, in view of the facts. It will, however, 
require considerable education to convince growers that the truffle does not 
spread from one place to another. . 

In removing an infested crop the grower should take particular care to 
dispose of the manure at a considerable distance from mushroom houses. It 
would be most desirable to be able to recommend a fungicide that could be 
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effectively used after removing an infested crop; unfortunately, no such 
material is known at this time. Consequently, the carry-over of spores from 
one crop to another is a most serious factor in the incidence of infestation. 
Again, temperature control must be relied on. Growers -without refrigera- 
tion should by all means avoid late-spring or early-fall crops. 

SUMMABY 

Truffle spores were regularly germinated and ascoearps obtained by in- 
oeu ^ing bottles of pure-eulture manure spawn and incubating at 72°-85° 
f ■ affecting spore germination and growth are described Since 

truffle spores do not germinate at 60° P., a positive means of control is 
afforded through regulation of the temperature. Additional evidence is 
cited to show that the soil is the source of spores. In view of the fact that 

the practice of applying fungicides is not 
^ t i'l invasion of the bed is only superficial, production may be 

restored by drying up the infested area, followed by watering in the usual 

fungicides were found to be ineffective against truffle 
spores aitei SIX hours exposure. 
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FUSARIUM DISEASES OF BROAD BEAN. I. A WILT OF BROAD 
BEAN CAUSED BY FUSARIUM AVENACEUM 
VAR. PABAE N. VAR.^ 

T . F . Y tr 2 

(Accepted for publication January 4, 1944) 

INTRODUCTION 

The Fusarium wilt and foot rot of broad bean caused by Fusarium 
avenaceum (Pr.) Sace. is the most destructive disease of this crop in 
Yunnan, China. During the past 4 years, considerable study has been 
devoted to the pathogenicity of this fungus ; and, as was revealed, it com- 
prises a number of physiological strains differing from one another in 
ability to induce either wilt or foot rot. In the inoculation experiments 
conducted during the past 3 years, the typical wilt-producing strain caused 
the characteristic wilt, and seldom, if ever, foot rot. As far as the writer 
is aware this is the first record of a plant wilt induced by Fusarium 
avenaceum, and, for the sake of clearness, it is assumed that we are con- 
cerned with a new variety of the species. This paper deals with the detailed 
description of this disease, with its distribution in so far as it is known, with 
experimental inoculations, and with description and identification of the 
fungus. 

REVIEW OF LITERATURE 

Pour species of Fusarium, i.e,, P. gramineum, F. vasinfectum, F. 
avenaceum, and F. orthoceras var. pisi, have been reported pathogenic to 
broad bean by various investigators. The first record of the Fusarium root 
rot of broad bean was provided by Kirchner (2) in 1890. Later, a wilt of 
broad bean, characterized by the slender shoots and few pods, was reported 
■by Miyake (6) from Japan in 1924. Both Kirchner and Miyake found 
Githerella saulinettii (F. gramineum) to be the causal agent. 

In 1920, Pape (7) reported Fusarium avenaceum (F. her’barum var. 
hihercularioides) as causing a foot rot of broad bean. Wollenweber and 
Reinking (9) mentioned F. avenaceum f. 1 on the same host. Marchal and 
Verplanke (5) reported a wilt of broad bean in Belgium in 1926, and attrib- 
uted the cause to F. vasinfectum. Linford (3), in connection with his in- 
vestigation on the Pusarium wilts of peas in Wisconsin, found that F. ortho- 
ceras var. pisi is only weakly pathogenic to broad bean. Kadow and Jones 
(1) reported the occurrence of the pea-wilt organism on Yicia gigantea and 
Sutton’s New Giant broad bean in Washington. 

DISTRIBUTION OF THE DISEASE 

The Pusarium wilt has been found well distributed over the important 

1 Paper No. 9 from Division of Plant Pathology, Institute of Agricultural Besearch, 
National Tsing Hua University, China. 

2 Division of Plant Pathology, Institute of Agricultural Besearch, National Tsing 
Hua University. 
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broad-bean growing sections of Yunnan. The first finding of the disease 
was at I-liang, in December, 1938. Subsequent examinations of plants from 
this same locality have shown it to be abundant. The gradually accumu- 
lating evidence from survey records shows it to be abundantly present in 
practically every section in this part of China. Many fields appeared to be 
completely infected. 

ISOLATION OP THE FUNGUS 

The basal stem portions of diseased plants were washed thoroughly in 
sterile water, then soaked in mercuric chloride solution (1:1000) for 20 
minutes, and placed in Petri dishes in hard agar. Pure cultures were then 
made. The fungus may be obtained from the stem several inches above the 
soil surface. 

SYMPTOMS OP THE DISEASE 

The first symptom of the disease appears when the plants are near or 
at the blossoming stage. The leaves are first pale-green then light-yellow 
with black lesions on the leaf margin, especially on the top of the leaf. 
The upper leaves may be in an erect position, and may become more rigid 
than the normal ones. Sometimes the entire plant becomes yellow and the 
leaves wither progressively upwards to the terminal buds. The leaves also 
may become yellowish-green and quickly dried out. They are twisted, 
curly, and papery in texture ; meanwhile, the stems turn black and wither. 
A plant may wilt within a week after the first symptom appears. In general, 
it takes 20 to 30 days to wilt completely under field conditions. Stunting 
of plants may be common with wilted plants. 

Upon pulling any of the plants in the advanced stage of the disease it 
is found that they come out of the ground very easily, due to the fact that 
the root systems have been practically destroyed. Nearly all the fibrous 
roots are rotted off and the main root itself undergoes, in most cases, a dry 
decay. Vascular discoloration develops in the upper part of the tap-root 
and may extend into the stem to a considerable distance. 

INOCULATION EXPERIMENTS 

The ability of the fungus to infect the broad bean and produce the wilt 
typical of those plants from which the fungus has been isolated many times, 
has been established through inoculation experiments both in the field and 
under laboratory conditions. Infection takes place when a spore suspension 
of the fungus is added to the soil when the plants are several inches high. 

On January 3, 1939, inoculations were made as follows: Twenty 60-inch- 
high broad-bean seedlings were grown in sterilized soil in pots with one 
plant per pot and inoculated by pouring a spore suspension on the basal 
stems. When examination was made on April 17, 1939, at which time the 
experiment was discontinued, wilt was found on 8 of the 20 plants. Check 
plants remained healthy. The fungus was isolated from these 8 plants and 
its identity determined. 



Yu: Fusarium Disease op Broad Bean 


On January 14, 1939, broad bean seeds were soaked for 30 minutes in 
mercuric chloride solution (1:1000), washed in sterile water, and planted 
in 12-ineh pots containing sterilized soil at the rate of 5 seeds per pot. After 
these plants attained a height of 12 inches, 40 of them were inoculated with 
the fungus by pouring the spore suspension just on the base of the stems. 
Keadings were made on April 29, 1939. Twenty-one of the 60 plants 
wilted. No foot rot was observed. The wilted plants were examined and 
the fungus was found growing on the roots causing browning discoloration 
of the vascular bundles on the tap roots. . . 

In the fall of 1939, infection was obtained by inoculating seedlings of 
3 varieties of broad bean. They were grown in 12-inch pots containing steril- 
ized pure sand. The seeds were sown on October 19, 1939. The seedlings 
were inoculated 4 times at an interval of 20 days from November 20 of that 
year until January 19, 1940. The inocula were taken from cultures on 
steamed broad-bean stems. Heavy spore suspension was prepared. Infec- 
tions were obtained in the months of March and April on all varieties and 
the checks were found to be sound. The percentages of infection were 38.2, 
62.7 and 51.1, respectively. 

Several other experiments similar to the above have been conducted at 
various times and have always yielded a high or low percentage of in- 
fection. 

No evidence has been obtained that Fusarium avenaceum var. fa'hae is a 
cause of wilts on common bean, eowpea, tomato, wheat, oats, corn, carrot 
and pea. 


DESCRIPTION AND IDENTIFICATION OP THE CAUSAL FUNGUS 

Morphology, The following media were employed in the study and 
identification of the causal fungus : steamed rice, broad-bean stem and pod, 
locust stem and root, Sophora stem and root, Irish-potato plug, hard oat 
agar, hard potato-dextrose (2 per cent) agar, corn-meal agar, broad-bean- 
decoction agar (100 g. of seed per 1000 ec, distilled water), Czapek's agar, 
and 1 and 2 per cent dextrose standard nutrient agars. The agar media were 
in both test tubes and plates. The media were prepared according to the 
recommendations of Sherbakoff (8) and the committee on taxonomy of 
Fusarium (10). 

In determining the size of macroconidia, at least 100 and sometimes 200 
or more spores were measured. The measurements of them in various 
media are as follows : 

Broad-lean stem; cultures 38 days oldj maeroeonidia from sporodoeMa: 

Macroconidia — 

4- septate, 1 per cent, 45.6 x 4.4 jx. 

5- septate, 99 per cent, 51.3x4.2 (45.3-66.1x3.5-4.7) \i. 

Broad-lean stem; culture 40 days oldj macroconidia from sporodochia : 

Macroconidia — 

3-septate, 1 per cent, 34.8 x 3.5 jx. 

4“septate, 13 per cent, 41.6x3.9 (38.4—48.7x8.5-3.8) |x. 

5-septate, 86 per cent, 46.3x3.5 (38.3—55.7x3.5-4.2) }x. 
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Broad-l)ean'deeoction agar; cultures 27 days old; macrocoiiidia from sporodoeliia : 
Macroconidia — 

4- septate, 2 per cent, 56.8x3.8 (53.9-59.3x3,7-3.8) jx. 

5- septate, 97 per cent, 58.6x3.7 (50.4-73.1 x 3.5-5.2) jx. 

6- septate, 1 per cent, 73.1 x 4.5 p,. 

Broad-hean-decoction agar plate; eultui*e 27 days old, macroconidia from sporodocMa: 
Macroconidia — 

4'Septate, 5 per cent, 50.8x3.7 (45.2-55.7x3.5-3.8) p. 

5- septate, 94 per cent, 57.0 x 3.7 (47.0-67.9 x 3.5-4.0) p. 

6- septate, 1 per cent, 62.4 x 3.8 p. 

Broad’hean- decoction agar plate; culture 40 days old, macroconidia from sporodoeliia: 
Macroconidia — 

5- septate, 95 per cent, 56.3 x 3.8 (43.5-67.9 x 3.5-4.4) p. 

6- septate, 5 per cent, 61.9 x 4.0 (53.9-67.9 x 3.7-4. 5) p. 

Bfoad-hean- decoction agar plate; culture 44 days old, macroconidia from sporodocMa: 
Macroconidia — 

5- septate, 98 per cent, 55.5x3.6 (48.7-67.9x3.5-3.7) p. 

6- septate, 2 per cent, 61.2x3.6 (60.9-62.6 x 3.5-3.7) p. 

Bea pod; culture 25 days old, macroconidia from sporodoeliia: 

Macroconidia — 

3- septate, 5 per cent, 44.2x3.7 (40.0-48.9x3.5-4.0) p. 

4- septate, 31 per cent, 47.7x3.5 (40.0-62.6x3.5-3.8) p. 

5- septate, 63 per cent, 53.9 x 3.5 (45.2-73.1 x 3. 5-3. 8) p. 

6- septate, 1 per cent, 66.1 x 3.8 p. 

Bea stem; culture 27 days old, macroconidia from sporodoeliia: 

Macroconidia — 

4- septate, 4 per cent, 47.6 x 3.8 (45.2-55.7 x 3.7-4.0) p. 

5- septate, 94 per cent, 57.4x3.8 (43.5-67.9x3.5-4.0) p. 

6- septate, 2 per cent, 63.0x3.8 (64.4-69.6x3.7-4.0) p. 

Bea stem; culture 38 days old, macroconidia from sporodoeliia : 

Macroconidia — 

5- septate, 95 per cent, 56.2x4.4 (43.5-71.7x3.7-4.5) p. 

6- septate, 5 per cent, 63.3x4.0 (64.4-76.6x3.8-4.4) p. 

Bea stem; culture 40 days old, macroconidia from sporodoeliia: 

Macroconidia — 

3- septate, 2 per cent, 46.1x3.5 (45.2-47.0x3.5-3.7) p. 

4- septate, 7 per cent, 48.7 x 3.5 (41.7-55.7 x 3. 5-3. 7) p. 

5- septate, 90 per cent, 52.2x3.5 (43.5-67.9x3.5-3.7) p. 

6- septate, 1 per cent, 73.1 x 3.5 p. 

Sophora stem; culture 38 days old, macroconidia from sporodoeliia : 

Macroconidia — 

4- septate, 8 per cent, 48.7 x3.7 (43.5-55.7 x3.7-3.8) p. 

5- septate, 90 per cent, 51.9 x 3.7 (45.2-59.2 x 3. 7-3, 8) p. 

6- septate, 2 per cent, 73.1 x 3.8 p. 

Locust stem; culture 43 days old, macroconidia from sporodoeliia: 

Macroconidia — 

4- septate, 1 per cent, 51.5 X 3.7 p. 

5- septate, 91 per cent, 61.8 x 3.4 (48.7-73.1 x 3.5-4.0) p. 

6- septate, 8 per cent, 70,3 x 3.7 (62.6-74.8 x 3.5-4.0) p. 

Locust root; culture 27 days old, macroconidia from sporodocMa: 

Macroconidia — 

4- septate, 4 per cent, 53.6 x 3.6 (50.1-59.2 x 3.5-3.8) p. 

5- septate, 96 per cent, 57.4x3.6 (48.7-66.1x 3.5-3.8) p. 

Locust root; culture 43 days old, macroconidia from sporodoeliia: 

Macroconidia — 

3- septate, 10 per cent, 47.9x3.6 (38.8-52.2x3.5-3.8) p. 

4- septate, 31 per cent, 50.8x3.6 (40.0-55.7x3.5-3.7) p. 

5- septate, 59 per cent, 56.0x 3.7 (48.7-62.6x 3.5-3.8) p. 

Locust root; culture 45 days old, macroconidia from sporodoeliia: 

Macroconidia — 

4- septate, 5 per cent, 53.6x3.7 (48.7-60.9x 3.5-3.7) p. 

5- septate, 95 per cent, 48.5x3.7 (48.7-69.6x3.5-3.8) p. 
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Potato plug; culture 44 days old, maeroconidia from sporodocMa: 

Macroeouidia— 

4- septate, 3 per cent, 46.5x3.6 (43.5-48.7x3.5-3.7) p,. 

5- septate, 95 per cent, 52.9x3.6 (43.6-64.4x3.5-3.8) p. 

6- septate, 2 per cent, 56.6 x 3.6 (50.5-62.6 x 3.5-3. 7) p. 

Sard oat agar plate; culture 30 days old, maeroconidia from sporodochia : 

Maeroconidia — 

3- septate, 2 per cent, 42.8 x 3.5 (33.1-50.5 x 3.8-4.0) p. 

4- septate, 8 per cent, 42.1x3.8 (40.0-59.2 x 3.7-3.8) p. 

5- septate, 88 per cent, 54.4 x 3.8 (47.0-73.1 x 3.5-4.2) p. 

6- septate, 2 per cent, 64.0 x 4.0 (62.6-67.9 x 3.8-4.2) p. 

Hard oat agar iuhe; culture 43 days old, maeroconidia from sporodoeliia: 

Maeroconidia — • 

4'Septate, 3 per cent, 56.7 x 3.6 (55,7-57.4 x 3.5-3.7) p. 

5- septate, 90 per cent, 63.0x3.7 (52.5-71.7x3.5-3.7) p. 

6- septate, 6 per cent, 69.6 x 3.6 (60.9-73.1 x 3.5-3.7) p. 

7- septate, 1 per cent, 73.1 x 3.7 p. 

CmpeTcds agar plate; culture 27 days old, maeroconidia from sporodocMa: 

Maeroconidia — 

3- septate, 7 per cent, 40.0 x 3.7 (31.3-45.2 x 3,7-3. 8) p. 

4- septate, 23 per cent, 42.2 x 3.6 (38.3-52.2 x 3.5-3.8) p. 

5- septate, 70 per cent, 49.1 x 3.7 (38.3-57.4 x 3.5-3.8) p. 

Averages: 

3- septate, 1.47 per cent, 42.8 x 3.6 (34.8-47.9 x 3.5-3.8) p. 

4- septate, 7.98 per cent, 49.4 x 3.7 (41.6-56.7 x 3.5-4.4) p. 

5- septate, 88.53 per cent, 55.4 x 3.8 (46.3-63.7 x 3.5-4.2) p. 

6- septate, 0.05 per cent, 73.1 x 3.7 p. 

; The measurements of 200 maeroconidia taken from the root of an arti- 

ficially infested plant are as follows: 

■ Maeroconidia from sporodochia — 

I 3-septate, 12.5 per cent, 39.2x 4.4 (44.1-48,7x3.7-5.2) p. 

I 4-septate, 10 per cent, 47.7x4.7 (36.5-53.9x3.8-5.2) p. 

I 5-septate, 75 per cent, 56.7x4.7 (41.8-69.6x3.8-5.2) p. 

I 6-septate, 2 per cent, 65.7 x 4.8 (60.9-69.6 x3.8-5.2) p. 

I From the foregoing spore measurements, it is seen that the macro- 

I conidia produced in sporodochia on cultural media and on the infected plants 

^ agree fairly well as to spore size and the distribution of the spore septation, 

with 5-septate being the predominant. The diameters of spores from 
diseased plants are, however, greater than those of spores produced in 
culture media. 

The pseudopinnotal spores, on the other hand, vary greatly in shape 
and size, as well as in number of septations. For example : certain measure- 
ments of maeroconidia taken from pseudopinnotes are given below : 

Standard nutrient agar tuloe (1% dextrose) ; culture 20 days old, maeroconidia from 
pseudopinnote : 

Maeroconidia — 

3- septate, 16 per cent, 31.8 x3.8 (27.8- 34.8x3.7-4.2) u. 

4- septate, 4 per cent, 47.9x3.9 (45.2- 50,1x3.7-4.2) p. 

5- septate, 18 per cent, 49.1x4.0 (40.6- 59.2x3.7-4.4) p. 

6- septate, 14 per cent, 58.4x4.4 (48.7- 67.9x3.8-4.2) p. 

7- septate, 22 per cent, 67.5x4.1 (55.7- 76,6x3.7-4,2) p. 

8- septate, 10 per cent, 76.6x4.7 (66.1- 83.5x3.7-4.2) p. 

9- septate, 12 per cent, 76.6x4.7 (69.6- 87.0x3.7-4.2) p. 

10-septate, 2 per cent, 92.2x4.7 (83.5-100.9 x4,2-5.2) p. 

Standard nutrient agar tube (2% dextrose); culture 20 days old, maeroconidia from 
pseudopinnote: ' 

Maeroconidia — 

0-septate, 6 per cent, 19.1 x 3.6 (18.1-20.9 x 3.5-3. 7) p. 
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l"septate, 28 per cent, 19,4x3.6 (15.7--22.6x 3.5-4.5) pi. 

2- septate, 24 per cent, 24.1x3.7 (19.1-31.3x3.5-4.4) p,. 

3- septate, 32 per cent, 35,0x3.6 (20.9-38.3x3.8-4.2) jx. 

4- septate, 4 per cent, 40.0 x 3.7 (38.3-41.7x3.7-3.8) jx. 

5- septate, 6 per cent, 45.8x3.7 (43.5-50.5x3.5-3.8) 


JUL Uf/ U/ UiMU 


Maeroeonidia — 

1 - septate, 2 per cent, 

2- septate, 2 per cent, 

3- septate, 8 per cent, 

4- septate, 16 per cent, 

5- septate, 30 per cent, 

6- septate, 16 per cent, 

7- septate, 18 per cent, 

8- septate, 2 per cent, 

9- septate, 2 per cent, 

10- septate, 0 per cent. 

11- septate, 2 per cent, 

12- septate, 2 per cent. 


27.8 X 3.8 |x. 

24.4x3.8 p,. 

30.5x4.4 (24.4-48.7x3.5-5.2) jx. 
37.2x4.2 (31.3-48.7x3.7-5.0) 
46.9x4.3 (36.5-66.1x3.7-4.8) [.i, 
57.9x3.9 (45.2-69.6x3.7-4.8) |x. 
71.9x4.4 (67.9-79.0x3.5-5.2) 

83.2 x 3.9 Pi. 

92.2 X 3.9 p. 

102.6 x 3.9 Pi. 

107.4x3.9 Pi. 


CULTURAL characters 

Mice : Twenty-five-day-old cultures are white, pink, amber-yellow, forming a medium- 
dense and matted mass of mycelium over the rice (4) . The mycelium may be white, pink, 
ivory, or lilac below. Sclerotia are produced in great abundance. 

JBroad-'bean-decoction agar: Twenty-five-day- old cultures bear a scant, thin, loose and 
white mycelial growth. Eufous-orange sporodochia are formed in great abundance. 

Corn-meal agar: Twenty-five-day-old cultures bear a scant, thin, white, cream, pinard- 
yellow or ehrome-lemon-yellow aerial growth. 

Potato-plug : One-month-old cultures show a compact, dense, thick or matted growth 
of mycelium that is white, Jasper-pink, wild-rose or ash-rose. The surface of the medium 
is wrinkled, and powdery in appearance. At the base and the side of the slant, the color 
of the mycelium is marsh-rose, pepper-red and slate. 

Sard oat agar: One-month-old cultures form a dense, thick, matted, white, lilac. 
Tango-pink, leather to buttercup-yellow and France-rose mycelial growth. The mycelium 
may be powdery in places. Holly-berry-red to hyacinth-red is seen in the substratum. 
Mycelium attached to wall at base of slant is lilac, Grecian-rose, slate, rufous-salmon, and 
primrose-yellow. Sporodochia small, slimy, spherical to subspherical, solitary or aggre- 
gated, and rufous-orange. Pseudopinnotes mandarin to rufous-orange. 

Cmpelc’s agar: One-month-old cultures are characterized by dense, compact, some- 
what matted, pink to raspberry-red mycelium. When spores are produced in abundance, 
culture is rufous- salmon, slimy, and conspicuously matted. 

Standard nutrient agar (plus 1 or 2 per cent dextrose) : One-month-old cultures 
form abundant, compact, dense, and pinkish mycelial growth with powdery mycelial 
masses. Ohimney-red, pink, lilac and slate lines are seen at the base of the culture. 

Broad-hean pod: One-month-old cultures are characterized by dense, compact, white, 
coral to candy-pink or raspberry-red powdery mycelial growth. Rufous-orange and slimy 
sporodochia of various sizes are produced. 

Broad-1) ean stem: Young cultures are characterized by an extremely fine, fluffy, and 
cottony-white mycelial growth. In old cultures, there is an abundant, more or less com- 
pact, cottony, white, bluish-rose, light- to sulphine-yellow growth with small, cream-color 
powdery masses in places on the mycelium. Sporodochia are found over the stems, in 
places on the mycelium, or even on the moist cotton at the bottom of the tubes. 

Pea pod : One-month-old cultures form abundant, slightly compact to long, loose cot- 
tony, matted, white, cream, pink, spruce and pyrite-yellow mycelial growth with cream- 
color powdery masses in places on the mycelium. 

Pea stem: One-month-old cultures show thin, cottony, matted, white, blush-rose, 
sulphine-yellow mycelial growth with cream to light-rose powdery masses in places on 
mycelium. Sporodochia are produced over stem, in places on mycelium, or even on moist 
cotton at base of tube. 

Locust stem: One-month-old growth is scant, loose, thin, cottony, white, and pink. 
Sporodochia are produced in places on mycelium, over twigs, or on moist cotton. 

Locust root: When one-month-old, scant, white mycelial growth with cream-color 
powdery masses in places on the mycelium are produced. 

Sophora stem: One-month-old cultures form moderate growth of loose or compact, 
thin, cottony, white and blush-rose mycelial growth usually powdery in appearance. 

Sophora root: At first the aerial mycelium is white, very scant, but fine and cottony. 
In two-month-old cultures still scant, white in places, usually light-blush-red. 
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Totato-dextfose (B per cent) agar plate: One-month-old plates form a medium dense, 
thick, loose or matted pinkish mycelial growth over the surface. The mycelium in the 
substratum is Isabella, and absinth-yellow. Spots of Bokhara to cyclamen-purple with 
tourmaline-pink outlines are seen. 

Eard oat agar plate: One-month-old cultures form matted, compact and white to 
blush-rose mycelial growth. In the substratum, the mycelium is raspberry to blush-rose 
with ruby or garnet, zonate. 

Corn-meal agar plate: Mycelial growth of l-month-old cultures, thin, loose, cottony 
and white to pink. The mycelium in the substratum is Isabella, absinth-yellow with few 
zones. Mycelial knot seen as spot of Bokhara-purple, cyclamen, with pinkish outline 
scattered in the plate. The knot, when examined microscopically, shows heavy and thin 
hyphae clamping together to form knots of various sizes. 

Broad-hean agar plate: In l-month-old culture, the aerial mycelium absent or scant. 
When present, only few white, thin mycelial tufts scattered in the plate. Sporodochia 
are, in general, produced in great abundance in this medium. 

CmpeTc^s agar plate: One-month-old cultures form thick, matted, compact and white 
to pinkish aerial mycelium. In the substratum, mycelium is sultan- to ruby-red, zonate. 

Standard nutrient agar plate (1 or 2 per cent dextrose) : One-month-old cultures have 
an abundant, loose or compact, matted and white to blush-rose mycelial growth. In the 
substratum, the mycelium is buttercup-yellow to buff and raspberry to blush-rose with 
crimson, mineral-red, ruby-red, cardinal-red or slate zones. 

In general, sporodochia are readily produced on many kinds of media. They may be 
produced over the media, in places on the mycelium or even on the cotton at the bottom 
of the tubes. Pseudopinnotes are less frequently produced. Mieroconidia are only rarely 
seen. Chlamydospores have not been found in any of the media tested. Sclerotia are 
produced abundantly on steamed rice and to a lesser extent on potato ^plug. The stromatie 
structures are occasionally found. 

The morphologic characters (Pig. 1) of the fungus, as determined from cultures of 
various media, are as follows: ■ 

Mieroconidia absent, or rarely produced, oval, oblong or kidney-shaped; O-l-septate, 
0-septate, 10.7 X 3.7 (8.7-13.9 x 3.5-3 .4) p; 1-septate, 13.9 x3.4 (10.4-15.7 x 3.3-3.4) p,. 
Macroconidia in sporodochia, eurved-spindle-shape, awl-shape, thread-like, or anguliform, 
long, comparatively narrow and slender, broader in middle, with long end cells, the cells 
detached when old, often slender, pointed and in most cases sharply bent, pedicellate or 
more or less 4-eelled, typically 5-septate, 55.4 x 3.8 (46.4-63.0 x 3.5-4.2) p, rarely 7-septate, 
exceptionally up to 12-septate; 3-septate, 42.8 x 3.6 (34.8-47.9 x 3.5-3. 8) p; 4-septate, 
49.4X3.7 (41.6-56.7x3.5-4.4) p; 6-septate, 62.9 X 3.8 (56.6-73.1 x 3.5-4.5) p; 7-septat0, 
73.1 x 3.7 p. Macroconidia pseudopinnate varying greatly in size, shape and number of 
septation; from 0-12-septate. Sporodochia spherical or irregular in outline, often fluid 
or slimy, shiny and rufous-orange. Pseudopinnotes less frequently produced, spreading, 
slimy, shiny and rufous-orange. Sclerotia, deep blue-black, rough, oval, round or irregular 
in size, large 1.4 mm. in diameter (0.2~2.5 mm.), Chlamydospores, absent. 

Prom a comparison with descriptions given by Wollenweber and Reinking (9), it m 
evident that this fungus is in the section Roseum of the genus Fusarium, and within that 
group lies close to Fusarium avenaceum. It differs from F, avenaceum, P. avenaceum 
forma 1, F. avenaceum var. pallens and F. avenaceum var. volutum (9) in, its ability to 
produce a typical wilt of broad-bean and is, accordingly, considered as a new variety of 
this species. 

SUMMARY 

A Wilt disease of broad bean caused by Fusarium avenaceum var. fabae 
var. nov., is herein described. 

The disease is known to occur in the important bean-growing sections of 
Yunnan, China, where it causes considerable damage to the crop. 

The leaves of the diseased plants first turn greenish-yellow, then wither, 
and the plants eventually die. The vascular regions of the infected plants, 
especially the tap root and basal stem, are shaded brown to dark-brown. 

The causal fungus of this disease is described as Fusarium avenaceum 
var. faiae. Its morphology and cultural characters are described. 
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STUDIES ON BACTERIAL CANKER OP TOMATO 


P . A . A E K 

(Accepted for publication January 3, 1944) 

INTRODUCTION 

Bacterial canker of tomato caused by Phytomonas micMganensis (E.F.S.) 
Bergey et al, 1923, is the major bacterial disease of field-grown tomatoes in 
California. Although the disease is known to be seed-borne, the literature 
on the biology and related features of the pathogen is very limited. This 
paper presents some additional data on certain aspects of this disease. 

VARIANTS 

Pink and white strains of Phytomonas michiganensis have been reported 
(3, 4, 5). The white strain was obtained from the yellow (normal) strain 
and is stable under laboratory conditions, while the pink strain is unstable, 
yielding both white and yellow strains (5). The white strain is pathogenic 
to tomato, while the pink strain is only slightly pathogenic, or, in many in- 
stances, non-virulent (5). The writer has studied both the white and the 
pink strains of the organism and compared them with several isolations of 
the yellow or normal strain. 

The white strain was first obtained in the laboratory as a variant of the 
yellow strain when the latter was grown in a beef -extract-peptone agar 
medium for 2 months. Pure culture studies and pathogenicity tests showed 
the w^hite strain to be Phytomonas michiganensis. The physiologic studies 
were made with cultures that were passed 3 times through tomato plants. 
There were some differences between the white and the yellow strains when 
the organisms were grown in SAB synthetic medium (12) for 6 weeks. 
Thus, the white strain produced some gas in galactose, glycerine, levulose, 
and lactose in 6 weeks, while no trace of gas was observed for the yellow 
strain. Also, the white strain was twice isolated from field material in 
association with the yellow strain. 

Two Strains 

A pink strain of Phytomonas michiganemis was obtained from an in- 
fected tomato and the white-rough strain from spontaneous dissociation in 
a test tube. The colonies of the pink strain were small, delicate pink, glisten- 
ing, and spread out with age. The slant growth was pink wdth a yellowish 
hue. The rough strain was similar to the white (smooth) strain in its be- 
havior as to sugars in SAB synthetic media. On potato-dextrose (2%) -pep- 
tone (1%) -agar (2%) plates, colonies began to appear after 4 daysVincuba- 
tion at 28° C., and at first were minute, gradually becoming raised and 
wrinkled over the surface of the colony. Eii masse growth on slants is 
not slimy but rather dry, soon showing numerous small folds imparting a 
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wrinkled appearance. The growth was not stringy, but compact, becoming 
floccnlent in saline solution (0.85% NaCl). The culture retained its char- 
acteristics on an artificial laboratory medium (beef -peptone agar) for a year. 
On potato plugs it gave smooth colonies after a month’s growth. In patho- 
genicity tests, all the variants studied were pathogenic to tomato plants, but 
in varying degree. The white-smooth and white-rough strains were patho- 
genic in about the same degree and did not form open cankers on tomato 
stems. These two strains caused slight wilting of the leaflets, or of the whole 
leaf, and darkening of the cambial and vascular region. Plants inoculated 
with these strains grew to maturity and produced fruits. Nuiherous unsuc- 
cessful attempts were made to isolate the organisms of these strains from 
tomato fruits of plants that had previously been artificially inoculated. The 
pink strain is less pathogenic than the white or white-rough strain. Green 
tomato fruits, previously treated for 2 minutes with a 1 : 1000 solution of 
corrosive sublimate, washed in sterile distilled water, and then sprayed with 
the pink strain, showed minute, dark-brown to black spots that, on culturing, 
yielded the pink strain. 

HOST RANGE 

Phytomonas michiganensu is reported only on tomato, except for the 
statement of E. P. Smith (11) on the possible infection of potatoes. The 
red currant tomato, Lycopersicum pimpinellifoUum Mill., is only slightly 
susceptible to the tomato canker organism, infection being slow and of a mild 
type, ie., cankers are not readily formed and the plant is not killed. The 
symptoms consist of a discoloration of the cortex and vascular region. At- 
tempts to isolate the organism from fruits of the artificially infected plants 
were unsuccessful. Tree tomato {Gyphomandra hetacea Bendt) is stunted 
and shows a black discoloration in the fibrovascular system after artificial 
inoculation with P. michiganensis, but never develops cankers nor does it die. 
Solanum nigrum L. var. guineense L., behaves similarly when inoculated. 

Tobacco {Nicotiana tabacum L.) failed to become infected, while A. glu- 
tinosa L. was readily infected and the organism recovered. Yellowing and 
wilting of the leaves occurred and occasionally very small cankers developed 
on the stems. 

TESTS WITH INSISTS 

The insects reported below were reared in the greenhouse on healthy, 
muslin-covered plants most favorable for their development. Generally, 25 
to 50 insects were transferred to diseased tomato plants from which transfers 
of 5 to 15 insects were later caged on healthy young tomato seedlings in indi- 
vidual pots previously kept insect-free by frequent fumigation. Infested 
plants were held under observation for 2 months. The disease failed to 
develop in any case where contaminated insects were used. Furthermore, 
the canker organism was not isolated from the mouth parts or the internal 
organs of the insects that had fed on diseased plants. The following insects 
were tested : green peach aphid {Myms persicae Sulz.), tarnished plant bug 
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(Lygus pratensis L.), onion thrips (Thrips talaci Lind.), and the twelve- 
spotted encumber beetle {Bkibrotim dtiodecimpimctata Pabr.). 

INFECTION BY THE TOPPING KNIFE 

By cutting off the tips of young tomato seedlings with a contaminated 
knife a higher percentage of infection results than does from the needle-priek 
method of inoculation. 

Fifty young, thrifty tomato plants (lot 1) were inoculated by needle 
pricks and 50 plants (lot 2) by cutting off the tips with a sharp dissecting 
knife, previously contaminated with the organism from agar slants. The 
plants were kept under observation for 30 days. All the plants in lot 2 
became infected, while only 4 per cent of those in lot 1 contracted the disease. 

In another test, 30 vigorous, healthy tomato plants, consecutively num- 
bered, were grown in individual pots. A diseased plant was cut with a 
cartilage knife so as to expose the entire blade to diseased tissue. The tips 
of the 30 plants were then cut off with the contaminated knife in a manner 
simulating commercial practice, resulting in 30 distinct cases of bacterial 
canker that clearly originated at the cut surface. Another series of 47 
plants were cut with a similarly contaminated knife, and 37 developed dis- 
tinct cankers originating at the cut surface. 

Three flats of healthy tomato plants, containing a total of 104 plants, 
were cut with a knife contaminated by cutting a diseased plant. Twenty- 
nine out of 33 plants in flat 1, 32 out of 33 in flat 2, and 11 out of 38 in flat 3 
developed the disease. This indicated that canker can be carried to numer- 
ous plants on the knife once it becomes contaminated. 

Healing of the knife cut is a slow process, as shown by the following 
greenhouse experiments. One lot of 125 greenhouse-grown tomato plants, 
averaging 6 inches in height, Avas divided into 5 groups. The growing points 
of all plants were decapitated with a very sharp knife. One group of 25 
plants was untreated and served as checks for the other 4 groups. All 
plants in the remaining group were smeared on the cut surface with a heaA- y 
paste of Phytomonas michigamnsis at the following intervals after Avound- 
ing : 24, 48, 72, and 96 hours. The final reading was made in the greenhouse 
after 30 days. All of the plants smeared with P. michiganensis 24 hours to 
72, inclusive, after wounding, became infected. No disease developed on any 
plants smeared 96 hours after wounding. 

INFECTION BY HANDLING 

Fifty young plants were handled as a grower would do when pulling 
plants from a plant bed for transplanting. First, a diseased plant Avas 
pulled rather roughly, and then the same treatment was given to 50 con- 
secutive plants numbered from 61 to 110. Of these, 66, 78, 80 and 83 
developed canker. This demonstrated that healthy plants may be infected 
by the hands during the operation of transplanting. 
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These data indicate two ways in which the disease may be spread under 
commercial field conditions, and are in agreement with the observations of 
Miillers (9) and other sd 

ROOT INOCULATIONS 

The writer’s experiments with root inoculations of tomato plants gave 
negative results. One hundred tomato plants, grown in individual pots, 
which had had their roots cut either by a contaminated knife or a clean 
knife followed by pouring a heavy suspension of Phytomoms michiganensis 
into the soil around the injured roots, remained healthy. This is not in 
accordance with the statement of Blood (2) that wounded roots appear to 
be highly favorable infection courts,” nor with the experiments of Orth (10) . 

ATOMIZER INOCULATION 

Attempts to induce the disease in young tomato plants kept in moist 
chamber for 24 hours prior to spraying with a heavy suspension of Phyto- 
monas michiganensis in distilled water were unsuccessful. Perhaps, because 
of the non-motility of the tomato-canker organism, the stomata are appar- 
ently unsatisfactory infection courts. 

EFFECT OP GERMICIDAL TREATMENTS ON THE ORGANISM 

The effect of various concentrations of alcbhol, brilliant and malachite 
green, and rosaniline hydrochloride dyes on the organism and bn tomato 
seed have been investigated. The dyes were dissolved in water and in alco- 
hol of different strengths. In preliminary tests, potato-dextrose-peptone 
agar was prepared and enough alcohol added to make 5, 10, 15, 20, 25, 30, 35, 
and 40 per cent. The alcohol was added aseptically after melting the agar. 
The medium was then poured into Petri dishes and, after solidification, 
streaked with a heavy suspension of Phytomonas michiganensis. Control 
plates were without alcohol. All plates were incubated at 28° C. No 
growth was observed on any of the alcohol plates. Control plates developed 
good growth in 2 days. 

Similarly, a dye agar containing 1:1000 and 1:2000 concentrations of 
brilliant and malachite green and rosaniline hydrochloride was prepared. 
The dyes and medium were sterilized simultaneously. No growth of Phy~ 
tomonas michiganensis occurred in any of these concentrations after 10 
days. Tests were then conducted to determine how long it takes each of 
these solutions to kill the tomato-canker organism (Table 1). Two ce. of 
each solution was used in agglutination tubes. A loopful of an agar-slant 
growth of the canker organism w^as introduced into a test tube, with the test 
solution, and vigorously shaken. Streaks were made on potato-dextrose- 
peptone agar plates at intervals of 5, 10, 15, and 60 minutes. All plates were 
incubated at 28° C. for 2 weeks and records taken once every 2 days (Table 

1 The writer is indebted to Professor J. B. Kendrick, Division of Plant Pathologj, 
University of California, Davis, for some of the data on transmission of the disease by 
the contaminated knife. 



■f = very slow germination. 

2+= slow germination. 

3+ = slightly retarded germination. 


4f = normal germination. 
0 =: no germination. 
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TABLE l.—Bfect of alcohol and 1 to 1000 alcoholic and water solutions of dyes on 
Phytomonas michiganensis in water suspension 


Treatment 


5% alcohol 


30% alcohol 


Water (H^O) 


Exposure in minutes and hours 



5 

10 

15 

60 

24 h. 

5 

10 

15 

60 

24 h. 

5 

10 

15 

60 

24 h. 

Malachite green 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Brilliant green 

Bosaniline hydro- 

+ 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

chloride 

+ 

+ 

+ 

+ 

0 

0 

0 

0 

0 

0 

1- 

4- 

+ 

0 

0 

Control 

+ 

+ 

+ 

+ 

+ 

0 

0 

0 

0 

0 

+ 

+ 

+ 

+ 

4- 


+ = organisms grew upon streaking. 

0 = no growth after streaking. 

1) . It is interesting to note that the addition of alcohol to the dye somewhat 
lowers its germicidal effect (Table 1). Thus, while a water solution 
(1:1000) of brilliant green and malachite green killed the organism in 5 
minutes, it required 10 and 15 minutes, respectively, when 5 per cent alcohol 
was added. 

EFFECT OF GEEMICIDES ON SEED GERMINABILITY 

The effect of the above-mentioned materials on tomato seed also was in- 
vestigated (Table 2). The same procedure was used, except that the seeds 
were thoroughly washed in distilled water immediately after treatment and 
subsequently placed on slightly moist filter paper in Petri dishes for germi- 
nation at 28® C. Tomato seed was not injured by the concentrations effec- 
tive in killing the tomato-canker organism, as shown in table 2. 

EFFECT OF HEAT ON GERMINABILITY OF THE SEED 

The writer also studied the effect of dry heat (relatively high tempera- 
tures) on the germination of tomato seed (var. Santa Clara Canner). In 
experiments on the viability of tomato seeds exposed to dry heat. Miss 
Jozefowicz found (6, 7) that seeds withstood dry heat up to 79.5° C., even 

TABLE 2. — Effect of 1 to 1000 alcoholic and water solutions of dyes on the germina- 
tion of tomato seed 



5% alcohol i 

30% alcohol 

Distilled water 

Treatment 

Exposure in minutes and hours 


5 10 15 60 24 h. i 

5 10 15 60 24 h. 

5 10 15 60 24 li. 

Malachite green 

44' 44" 4+ 34* 4' 

44 44 44 34 0 ' 

44 44 44 44 44 

Brilliant green 

Bosaniline hydro- 

44* 44- 44- 44- 4- 

44 44 44 24 0 

44 44 44 44 44 

chloride 

44* 44" 44' 44* -i- 

44 44 44 34 0 

44 44 44 44 44 

Control 

4+ 44 44 44 4 

34 34 34 34 0 

44 44 44 44 44 



2 Professor J. B. Kendrick kindly supplied the writer with some highly contaminated 
seed during the course of these studies. 
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TABLE 3. — Effect of dry heat o% germination of tomato seed 

Control 50 50 55 55 60 60 65 65 70 70 75 75 80 80 80 85 85 95 

24 48 24 48 24 48 24 48 24 48 24 48 1 10 24 1 15 1 

80 61 65 84 23 64 74 73 10 51 12 40 56 53 50 51 60 40 0 

for 72 hours, '"the germination being more or less retarded, according to the 
temperature and time of exposure. 

The results shown in table 3 show that tomato seed (2 years old) can 
withstand prolonged dry-heat treatment. 

Dried on the surface of cover slips, the organism can remain alive for 2 
hours at room temperature and for 10 minutes at 50° C. 

Tomato seed^ obtained by crushing ripe fruits from canker-diseased 
plants and subsequently by air-drying and storing at room temperature in 
the laboratory, for several months, were subjected to different treatments 
as indicated in table 4. Seeds treated with chemicals were afterwards 
washed in distilled water and then germinated in flats of steam-sterilized 
soil. The young plants, with 2 or more true leaves, were transplanted into 
large boxes of steamed soil, using about 500 plants of each lot (Table 4) . 

The canker organism is spread by the topping knife and by handling 
during transplanting. Thus, a few diseased plants may serve as a focus 
of infection, since a knife contaminated by cutting through or handling one 
diseased tomato plant is capable of infecting at least 30 healthy plants. The 
hot water treatment at a temperature of 53° C., effective in killing the 
tomato-canker bacteria, is known also to be injurious to the seed (10). 

The writer’s experiments with alcohol, alcoholic and aqueous solutions 
of malachite green, brilliant green, rosaniline hydrochloride, and dry heat 
show that the bacteria may be successfully eliminated by these methods. 
The writer noticed no ill effects on tomatoes in field plantings of either alco- 
hol or dry-heat-treated seed. No field data on malachite, brilliant green, 
or rosaniline solutions are available, but greenhouse tests revealed no injury 
on plants after such treatments. 

TABLE 4.— Percentage of canTcered tomato plants grown from treated and untreated 
■seed collected from diseased plants 


Temperature, °0 

Exposure, Lours 

Per cent germination 


Treatment 
Material and concentration 


Brilliant green 1: 1000 in water 

Brilliant green 1: 1000 in 30% alcohol . 

Malachite green 1 : 1000 in water 

Malachite green 1: 1000 in 30% alcohol , 

Alcohol. 30% 

Check (contaminated, untreated) 

60-61° 0. (dry heat) 

65-68° C. (dry heat) 


Duration 

Percentage of 
plants diseased 

60 minutes 

2.9 

60 minutes 

! 1.5 

60 

4.3 

60 

0.7 

60 

0.0 


26.0 

24 hours 

0.0 

24 

0.0 
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SUMMARY 

White, pink and rough variants of Phytomonas michiganensis (E.F.S.) 
Bergey et al were studied and compared with the normal strain, physiologi- 
cally and pathogenically. The variants are slightly different from the nor- 
mal strain in their reactions on media and are less pathogenic. 

Nicotima glutinosa L. and Gyphomandra letacea Sendt., were success- 
fully infected. 

The following insects, Myzus persicae Sulz., Lygus pratensis L., Thrips 
tahaci Lind., Heliothrips fasciatus Perg., and Diahrotioa duodecimpimdata 
Pabr., did not transmit the disease under greenhouse conditions. Phyio- 
monas michiganensis could not be recovered from their mouth parts and 
inteimal organs after feeding on diseased plants. 

Higher percentages of infection were obtained when the plants were 
topped with a contaminated knife than when punctured with a contaminated 
needle. The knife cuts remain susceptible to invasion 72 hours. 

Unwounded plants did not develop the disease when sprayed with a heavy 
suspension of P. michiganensis and incubated in a moist chamber. 

Brilliant and malachite green dyes are effective in killing the pathogen 
of tomato canker in aqueous and alcoholic solutions. Soaking tomato seed 
for more than 60 minutes in 5 per cent and 30 per cent alcoholic solutions 
of brilliant green, malachite green, and rosaniline hydrochloride, as well as 
in water solutions of these dyes, is not injurious. 

Dry heat did not injure tomato seeds exposed to temperatures high 
enough to kill the pathogen. Dry seeds can withstand air temperatures up 
to 85° C. for 15 hours. This, however, reduced germination. 

Division of Plant Pathology, 

University of California, 

Berkeley, Calif. 
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GREENHOUSE METHOD FOR TESTING DUST SEED TREAT- 
MENTS TO CONTROL CERTAIN CEREAL SMUTS^ 


The American Phytopathological Society, 
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(Accepted for publication December 15, 1943) 

The principal causes of variability in the results obtained at times by different 
workers in cereal smut control with the same chemical dusts may be summarized as 
follows : 

1. Eelatioii of host and pathogen; differences in the relative susceptibility of the 

varieties or the virulence of the smut fungus strains used. 

2. Method of inoculation; the spore dosage employed and the method of applying 

the inoculum to the seed (8, 9, 10), 

3. Application of fungicide; amount of seed used, type of apparatus for applying 

the dust, thoroughness of application, and the period and conditions of storing 
the treated seed (5). 

4. Environmental conditions between sowing and emergence; depth of sowing and 

compactness, moisture content, temperature, and reaction of the soil (1, 2, 7, 8, 
12, 13, 16). \ ^ ^ > 7 

5. Post emergence conditions; this phase has not been entirely worked out but it has 

been shown that smut development in cereals may be influenced by certain 
conditions after emergence, chiefly temperature and perhaps moisture and 
length of day. It is thought these conditions may affect the development of 
the fungus until after it reaches and is established in the growing point of the 
host plant (7, 17, 18, 19). 

The following procedures for use in greenhouse studies have been prepared primarily 
for testing commercial materials that have been placed on the market and also promising 
new fungicides upon which sufficient preliminary research has been done by the originators. 
They are not intended for use in developing new fungicides except as a final test of these 
in comparison with standard materials already on the market. In the earlier stages of 
developing new fungicides, the technique must necessarily be modified to meet the varying 
conditions. 


BUNT OP WHEAT (tILLETIA TRITICI (bJERK.) WINT. AND T. LEVIS KUHN) 


Inoculum. Use spores from fully mature bunted heads collected from the crop of 
the current season; in dry areas spores from the previous crop may be substituted. Dry 
the bunt balls thoroughly and then break them up by rubbing through a 20-mesh sieve, 
followed by a series of finer sieves, the last one being 60-mesh. Keep this inoculum in 
a loosely stoppered bottle or jar at 5° to 10° 0. until it is to be used. 

Host. Use a highly bunt-susceptible variety of spring wheat, along with a physiologic 
race of the bunt organism especially pathogenic to it. The variety Ulka (O.I. 11478) is 
susceptible to almost all physiologic races and Tilletia levis race 3 is widely distributed ; 
accordingly, these are recommended as standaxd.2 

Inoculation. In order to inoculate the wheat, use a spore dosage of 1 to 200, i.e., 
5 grams of 60-mesh spore material to 1,000 grams of clean seed (136 grams of smut per 
bushel). Shake the seed, with the inoculum applied, in a tightly closed, half -filled con- 
tainer for one minute, by which time the seed should be thoroughly blackened. Sift the 
seed lightly to remove any excess spores. 

Application of Fungicide. If the seed sample used in testing dust fungicides is too 
small, much of the proportionately smaller amount of chemical dust will adhere to the 

1 Reprints may be obtained at 10 cents each from the Committee Chairman, Boyce 
Thompson Institute, Yonkers 3, New York, 

2 A limited supply of seed grain and inoculum may be obtained through the courtesy 
of the following investigators: 

Ulka wheat — R. H. Bamberg, Montana Agr. Exp. Station, Bozeman, Montana. 

Anthony oats — M. B. Moore, Agr. Exp. Station, University Farm, St. Paul, Minn. 

Odessa barley — C. S. Holton, Agr. Exp. Station, Pullman, Washington. 

Odessa barley — P. Tapke, Bureau of Plant Industry Station, Beltsville, Md. 

Tilletia levis, race 3 — C. S. Holton. 

TJstilago avenue — C. S. Holton. 

TJstilago liordei, race 6, and V. nigra, race 4 — ^V. F. Tapke. 
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container in whieli the treating is being done. Therefore, the container should first be 
conditioned^' by treating in it a sample of any kind of clean wheat, which can then be 
discarded, leaving the inside of the container coated with the fungicide to be tested. 
The size of the seed sample to be employed usually is governed by the quantity of avail- 
able seed and the number of materials to be tested. A sample of 500 cc., le., approxi- 
mately 1/70 of a bushel, is recommended as a standard. This sample should be taken 
volumetrically by using a 500-ce. container. If the fungicide is to be applied at the rate 
of 1/2 ounce per bushel, a 500-cc. sample will require 0.2 gram (1/70 of 14.17 grams). 
Bates of 1, 2, 3, and 4 ounces per bushel will therefore call for 0.4, 0.8, 1.2, and 1.6 
grams, respectively. This simplifies calculations involving bushel weights of different 
crops and also avoids a slight error in the rate of applying dust fungicides to samples 
of light, chaffy seed and plump, heavy seed of the same crop. The container should be 
large enough to hold more than twice the quantity of seed used so that it will be less 
than half -filled. After the sample of seed has been placed in the container, the proper 
quantity of fungicide, carefully calculated and weighed, is added and the container, with 
a dust-tight cover, is given a thorough shaking for two minutes. The treated seed is 
then placed in a cloth sack or open container and stored in a dry place for 48 hours 
when the amount necessary for greenhouse planting is removed. The remainder of the 
seed may be kept for later germination tests, or for testing further, under field conditions, 
particularly those materials eliminated in the greenhouse tests. Such field tests are 
advisable, however, only in areas where spring wheat is adapted. 

Planting the Seed. Plant a portion of the treated seed deep in flats of soil, 
50 per cent water saturated and with a reaction between pH 5.5 and 7.5 (14). A minimum 
of 5 replications of 100 seeds each for each test is recommended. Tamp the soil slightly 
after planting to bring it in close contact wdth the seed (1). Place the flats at 10^ C. 
until after emergence and then remove them to a greenhouse held at 15° to 18° C. until 
the beginning of stem elongation or ^ ^shooting," when the temperature may be raised 
to about 25° C. If necessary, electric lights should be used to produce a photoperiod 
equal to that generally associated with the growing of spring wheat. If space at 10° C. 
is limited, the seed may be more thickly planted in smaller containers and, after emergence, 
the seedlings may be transplanted to flats or to the greenhouse bench. It goes without 
saying that in all such tests untreated, similarly inoculated seed should be planted under 
the same conditions for comparison. 

Pecofding Results. Take data on emergence before the second leaf stage and on bunt 
infection at the stage when the diseased heads are most readily recognized. Percentages 
of infection should be based on head counts only. The significance of differences should 
be determined by statistical analyses; usually the analysis of variance (15) will be suit- 
able for this purpose. In some eases transformation of data and cumulative error terms 
may be used to advantage (11). 

LOOSE SMUT (USTILAGO AVENAE (PERS.) JENS.) 

Inoculum. Since the two smuts of oats (Ustilago avenae and V. levis) are similar in 
life history and amenability to control by fungicides, the use of one species in testing 
dust fungicides is considered suffieient. Loose smut (U. avenae) is recommended as 
standard because of greater ease in preparing the inoculum.® Use spores from fully 
matured heads collected from the crop of the current season. Care must be taken to col- 
lect the heads of loose smut as soon as they appear and before the smut has been blown 
away. Sift the smut through a series of sieves, the last one being 60 -mesh. Store the 
smut at 5° to 10° 0. in a loosely stoppered glass container until it is to be used. 

Sost. Use the highly smut-susceptible spring variety Anthony (C.I. 2143 ).'‘ This 
variety is recommended as a standard because, although not widely grown, it is susceptible 
to all commonly occurring physiologic races of Ustilago avenae and, therefore, the use 
of a particular race is not necessary. 

Inoculation. Investigators have demonstrated that the smuts of oats may be per- 
petuated by spores on the seed, by spores and mycelium under the hull, and by mycelium 
in the epidermal cells of the pericarp (3, 6, 9, 12, 13). The infection due to spores on 
the seed is most easily prevented by seed treatment (9) while that due to inoculum under 
the hull is less amenable to control. It seems, therefore, that if a fungicide is to be thor- 
tested for oat smut control, it should be used on seed carrying inoculum under 
the hull (9). The use of a standard spore suspension and a partial vacuum in inocu- 
lating the seed is, therefore, recommended (4, 9, 10). In order to make a spore suspen- 
sion, add 2 grams of 60-mesh spore material to a liter of distilled water and shake thor- 
oughly until the^ spores are in suspension. Immerse 500 ce. of clean oats in one liter of 
this suspension in a high pressure desiccator and stir until the oats are thoroughly wet. 
To insure all kernels being beneath the liquid, a wire screen that fits the inside of the 

3 See footnote 2. 

^ See f ootnote 2. 
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vessel should be placed on the surface of the liquid. A wood strip an inch thick is 
fastened to its upper side. Install a vacuum gauge in the suction line and apply 25 inches 
of vacuum for 5 minutes, shaking the jar occasionally to promote the escape of air from 
beneath the glumes. After 5 minutes, release the vacuum and then apply it again for 
another 5 minutes. After again releasing the vacuum, drain the seed and spread it out 
on absorbent paper to dry for 24 hours to allow air to get under the glumes. Then place 
the seed in a one-half inch layer at 20° 0. and 80 to 90 per cent humidity for 20 hours, 
after which it should be dried thoroughly with a fan and stored in a dry place until it 
is to be used. 

Treating, Planting. The directions for treating and planting the seed are similar 
to those given for wheat, except that the temperature between planting and emergence 
should be from 18° to 20° 0., the soil reaction should be about pH 7.4 (13), and the soil 
should be about 30 per cent saturated. 

Recording Results. Data on emergence and on the percentage of smut are taken as 
described for wheat, frequently, complete control of oat smuts in vacuum-inoculated seed 
is not obtained, even with dust fungicides that eliminate smut completely in naturally 
infested seed (9). In such cases the fungicidal efficiency of new materials being tested 
can be determined by comparing their performance with that of a standard fungicide 
known to be effective, and included in the same test. 

COVERED SMUT (USTILAGO HORDEI (PERS.) KELL. AND SW.) AND BLACK OR 
SHALLOW-BORNE LOOSE SMUT ( USTILAGO NIGRA TAPKE) OP BARLEY 

Inoculum, The most prevalent and widely distributed physiologic races of the above 
smuts in the United States are race 6 of Ustilago liordei (16) and race 4 of V. nigra 
(21). Therefore, the use of these races is suggested as part of the standard procedure 
in testing dust fungicides for the control of these two barley smuts.^ The inoculum 
should be collected and prepared for use as described for the smuts of wheat and oats. 

Sost. Odessa barley (C.I. 934) is highly susceptible to all known races of covered 
smut (16) and the shallow-borne loose smut (21). Therefore, this variety is recommended 
as a standard. It should be noted that this is not the commercially grown Odessa but the 
special strain labeled C.I. 934. This strain is highly susceptible also to the deep-borne 
loose smut, Ustilago nuda, which can be controlled only by the hot-water treatment. Be- 
cause the heads of these two loose smuts closely resemble each other, seed free from U, nuda 
infection must be used to avoid confusion. Since the extreme susceptibility of Odessa 
(C.I. 934) makes it undesirable commercially, seed must be obtained from a station where 
increase plots are grown to maintain a soure of supply for experimental purposes.® 

^ Inoculation, The inoculum of barley covered smut that is most effective in pro- 
ducing the disease and also most difdeult to combat is that found beneath the hulls (20). 
Smut spores borne on the surface of the seed may be eliminated by copper carbonate, a 
fungicide that is generally considered unsatisfactory for controlling naturally induced 
covered smut of barley. Therefore, as in the case of the oat smuts, in order to test 
adequately a fungicide for the control of barley covered smut, seed should be used that 
carries abundant inoculum beneath the hulls. The same probably holds true for black 
loose mmi {Ustilago nigra). The method of inoculating barley seed with either of the 
two smuts is the same as that described for the oat smuts. 

Treating, Planting, ^Results. The treating and planting of the seed and the recording 
of the data are also similar to those for the oat smuts except that, for covered smut, the 
soil reaction may range from pH 6 to pH 7 (2) and for black loose smut the range appears 
to be still greater (7). A soil reaction of pH 6.5 and a temperature of 20° 0. during 
emergence are suggested for both of these smuts. 
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SEED TEANSMISSION OP SQUASH-MOSAIC VIRUS^ 


John T. Middleton 
(Accepted for publication December 30, 1943) 

INTRODUCTION 

Tliere are several virus diseases common to squash, Cucurhita pepo L. 
var. Gondeusd Bailey, along the coast and in the inland districts of southern 
California. Of these virus maladies, western cucumber mosaic and squash 
mosaic are the ones most frequently observed. This paper is concerned 
with squash mosaic. 

The disease occurs in the Tijuana Valley on the Mexican border and has 
been observed in the San Francisco Bay area, but is perhaps most often 
found in the coastal districts, from San Diego to Santa Maria. Though not 
so commonly observed inland, squash mosaic has been found in the western 
portions of Riverside and San Bernardino counties, but not as yet in the 
further inland desert areas of the Coachella and Imperial valleys. 

In southern California, squash mosaic is present, but is relatively unim- 
portant early in the growing season. As the plants begin to mature fruit, 
the disease may be found more frequently. Toward the close of the growing 
season it is omnipresent and responsible for considerable loss to the grower. 
In the San Francisco Bay area, however, squash mosaic is very important 
early in the season, especially in fields near the foothills; it has been sug- 
gested that the incidence of early infection may be closely related to the 
occurrence of overwintering forms of Diabrotica spp., which may serve as a 
source of the virus. 

Kendrick (8) described a mosaic disease of muskmelons, Cucumis melo 
L., and proved the disease to be seed-transmitted. Infection percentage 
varied from 0.0 to 2.13, wdth a mean percentage infection of 0.25. Freitag^ 
has identified the virus with which Kendrick worked as the squash-mosaic 
virus affecting muskmelons. Freitag (6, 7), in two abstracts dealing with 
squash mosaic, presents the properties of the virus, establishes insect trans- 
mission by the western spotted cucumber beetle, Diabrotica soror Lee., the 
western striped cucumber beetle, D. trivittata (Mann.), and 5 species of 
aphids. He found that the disease could be produced by inoculation in 15 
species of plants distributed in 11 genera within 4 families. 

Few references reporting seed transmission of cucurbit viruses are to 
be found in the literature. McClintoek (10) indicates that cucumber- 
mosaic virus may be seed-borne. Doolittle and Gilbert (4) report seed trans- 
mission of the cucumber-mosaic virus by the wild cucumber, Echinocystis 
lobata (Michx.) Torr. and Gray. Doolittle (3) concludes that only one 
plant out of 10,000 growm from seed collected from infected fruits devel- 

1 Paper No. 502, University of California Citrus Experiment Station, Riverside, 
California. 

2 In correspondence with the writer, March 22, 1943. 
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oped mosaic symptoms not attributable to outside infection. He further 
states that '‘it is doubtful whether cucumber mosaic is seed-borne to any 
considerable extent, but it seems possible that it may occur in rare cases, and 
the results so far obtained have left the problem still open, warranting fur- 
ther investigation. ’’ Doolittle and Walker (5) present data showing one 
ease of apparent mosaic seedling infection in approximately 22,000 cucumber 
plants; negative results were secured with mosaic-infected squash, musk- 
melon, and pumpkin. Bewley and Corbett (2) believe the cucumber-mosaic 
virus to be readily seed-transmitted. Mahoney (9) presents evidence of 
seed transmission of an unestablished virus in inbred lines of muskmelons ; 
infection percentage varied from 14.3 to 33.3 and averaged 15.6. Ainsworth 
(1) states that yellow-mottle mosaic of cucumber, Gucumis sativus L., has 



Pig. 1. Leaves of yellow crookneck squash, showing symptoms produced by the 
squash-mosaic virus. A, Distorted, rugose, mottled condition typical of the disease. 
B. Extreme rugosity. C, Leaf structure reduced largely to veiuous system. 


been shown to be seed-transmitted and believes that the yellow-mosaic and 
green-mosaic viruses are also seed-transmitted, but he gives no supporting 
data. ^ 

SYMPTOMATOLOGY 

The most conspicuous and spectacular symptom of squash mosaic is the 
presence of filiform leaves,* infected leaves are frequently reduced to only 
the veinous system, with patches of green mesoph^dl (Fig. 1). Leaves may 
be distorted, rugose, and mottled with dark-green raised areas ; little if any 
yellowing occurs. Fruits from infected vines are malformed, the usual 
even contour broken by raised, more or less domelike areas, J t o ^ inch in 
diameter; very often the affected areas are yellow or mottled (Fig. 2). 
Infected plants fail to grow with normal rapidity, set fewer fruits than 
healthy plants, yet rarely die as a direct result of squash-mosaic infection. 
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SEED SELECTION" AND PLANTING 

In order to determine M^hether or not the squash-mosaie virus is seed- 
transmitted, mature fruits showing typical fruit symptoms were collected 
from badly diseased vines. Collections were made in San Diego and Orange 
counties. Three varieties were chosen : White Bush Scallop, Yellow Crook- 
neck, and Italian Marrow or Zuchini. Seeds were extracted by scooping 
them out of the fruits and washing thoroughly in water. Many of the 
infertile and light seeds were floated off during the washing. The remaining 


Fig. 2. Immature fruits of yellow crookneck squash, showing effect of infection by 
the squash-mosaic virus. A. Severe symptoms. B. Mild symptoms. C. Healthy fruit. 

seeds were then dried and winnowed, and the light, poorly filled, deformed 
seeds were segregated from the heavy, well-filled seeds. 

Seeds were sown in sterilized soil contained in sterilized redwood seed 
flats, which were placed on benches in a glasshouse. Separate sowings were 
made of the light, poorly filled, deformed seed and of the heavy, plump seed. 
Plantings were made on different dates, at similar intervals, over a period 
of about 3 years. The section of the glasshouse used was so designed and 
constructed as to exclude, as far as possible, any ingress of insects. The 
glasshouse was fumigated with nicotine subsequent to seeding and again 
after emergence of the seedlings. 
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RESULTS 

Seedlings first made tlieir appearance 5 days after irrigation, but the 
majority emerged 7 days after watering. No symptoms of tlie disease were 

TABLE 1. — Percentage transmission of squash-mosaic virus through seed collected 
from infected squash fruits on August 14, 1940, and planted at intervals over a 3-year 
period 


Light, poorly j&lled, deformed seed 


observed on the cotyledons, though symptoms were usually conspicuously 
present on the first leaf. Symptoms could be observed immediately upon 
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138 

735 

0 

0.00 

145 

1611 

2 

0.12 

149 

! 1564 

3 

0.19 

156 

' 1477 

2 

0,13 

159 

1372 

0 

0.00 

Mean 



0.14 
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the unfolding of the leaves, while they were still quite small. In very few 
instances were symptoms absent from the first leaf and yet present on the 
second leaf ; rarely did the disease develop on the third leaf and not on the 
preceding ones. 

After the plants had grown for 8 weeks, counts were made to determine i I 

the total number of plants and the number diseased. Eesults of these counts 
are shown in table 1 . 

. ,',i i 

DISCUSSION . j|! 

The virus causing squash mosaic is definitely seed-transmitted. The lij; 

relatively low percentage of infected plants arising from infected seed is 
in harmony with the low amount of the disease usually present in early 
field plantings. The presence of these infected seedlings provides an excel- 
lent and immediate reservoir of the virus, which then can be readily and , 5 , 

rapidly spread throughout the planting, either by mechanical means or by S 

insect vectors. This apparently transpires in the field. Fields in which an j; 

effort is made to reduce the populations of aphid and Diahrotica spp. in- | 

variably show less effects of the disease. ill 

Seed stocks should be acquired only from fields free from squash mosaic. 

The fact that a higher percentage of the disease is transmitted by the light, 
poorly filled, deformed seed than by the heavy, well-filled seed is of interest 
and of practical import. If a seed stock is collected from an acreage known 
to harbor the disease, careful winnowing will remove the majority of irregu- 
larly filled seeds and thereby reduce the total amount of the disease that 

would normally be carried through such seed. 

The data given in table 1 show that there was no apparent difference in I, 

the percentage transmission in plantings made soon after the seed was har- ,1 

vested and in the final planting, about 3 years later. The virus may be i 

carried by seed at least 3 years old, with no decrease in the percentage of 
disease transmission. 

The fact that a higher percentage of virus is carried by malformed seed 
than by normal seed, as well as the length of time that the virus remains 
active, indicates that the latter may be borne internally and not on the 
surface of the seed coat. 

The percentage transmission of squash-mosaic virus through seed of 
melon and of squash seems very similar. The mean percentage given by 
Kendrick ( 8 ) for muskmelon (0.25 per cent) is of the same magnitude as 
that determined by the writer for squash (0.14 per cent), for seed of good 
quality. A higher percentage transmission is prevalent in squash seed of 
poorer quality (0.96 per cent). 

Mahoney (9) probably was dealing with a different virus disease of 
cucurbits than that discussed herein. The percentage seed transmission 
that he reports (maximum, 33.3 per cent) is considerably above the values 
given by Kendrick or the writer (maxima, 2.13 and 2.22 per cent, respec- 
tively). 
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SUMMARY 

The symptoms of the squash-mosaic-virus disease are described. The 
virus is demonstrated to be seed-transmitted. Poor-quality squash seed— 
that is, light, poorly filled, deformed seed — proved to carry a higher per- 
centage of the causal virus than good-quality, heavy, well-filled seed taken 
from the same seed population. The virus remains viable in 3-year-old seed, 
and there is no apparent difference in the percentage of seed transmission 
of the virus in seed samples sown shortly after harvesting or about 3 years 
later. 

The disease may be controlled to some extent by harvesting squash seed 
from fields that are free of the disease, and, perhaps, by planting in areas 
not in close proximity to vector-breeding grounds. If seed is taken from 
fields known to be infected with squash mosaic, the percentage of seed trans- 
mission may be materially reduced by careful winnowing. 


LITERATURE CITED 

1. Ainsworth, G. G. Virus diseases of cucumber. [Gt. Brit.] Min. Agr. and Fisheries 

Jour. 42: 338-344. 1935. 

2. Bewley, 'W. P., and W. Corbett. The control of cucumber and tomato mosaic dis- 

eases in glasshouses by the use of clean seed. Ann. Appl. Biol. 17 : 260-266. 
1930. 

3. Doolittle, S. P. The mosaic disease of cucurbits. U. S. Dept. Agr. Bull. 879 : 

1-69. 1920. 

4 . ^ ^ Gilbert. Seed transmission of cucurbit mosaic by the 

wild cucumber. Phytopath. 9: 326-327. 1919. 

5 . ^ Walker. Further studies on the overwintering and dis- 

semination of cucurbit mosaic. Jour. Agr. Res. [U.S.] 31: 1-58. 1925. 

6. Freitag, J. H. a comparison of the transmission of four cucurbit viruses by cucum- 

ber beetles and by aphids. (Abstract) Phytopath. 31: 8. 1941. 

7 . . Insect transmission, host range and properties of squash-mosaic 

virus. (Abstract) Phytopath. 31: 8. 1941. 

8- Kendrick, James B. Cucurbit mosaic transmitted by muskmelon seed. Phytopath. 
24: 820-823. 1934. 

9. Mahoney, C. H. Seed transmission of mosaic in inbred lines of muskmelons (Cii‘ 
Gumis melo L.). Amer. Soc. Hort, Sei. Proc. 32: 477-480. 1935. 

10. McClintock, J. a. Is cucumber mosaic carried by seed? Science (n.s.) 44: 786- 
787. 1916. 


PREVALENCE AND DISTRIBUTION OP STRIPE SMUT OP POA 
PRATENSIS IN SOME PASTURES OP PENNSYLVANIA^ 

K. W. Keeitlow and W. M. Myees2 
(Accepted for publication January 1, 1944) 

Observations by Pammel (6), Clinton (2), Osner (5), Davis(3), and others 
have emphasized the widespread occurrence of stripe smut of grasses caused 
by Ustilago striaeformis (West.) NiessL Only limited information is avail- 
able, however, regarding the prevalence and importance of this smut in Ken- 
tucky bluegrass pastures. Allison and Chamberlain (1) reported abundant 
infection of bluegrass pastures in the vicinity of Richland Center, Wisconsin. 
Every pasture was infected, and in many cases damage was extensive. Well- 
hausen, et al. (7), examined bluegrass pastures in West Virginia and Penn- 
sylvania and found smut very prevalent. From a total of 504 sod plugs 
taken at random from diiferent pastures in West Virginia, 15 per cent were 
diseased. Re-examination of certain pastures revealed an estimated range 
in smut infection from a trace to about 25 per cent. 

Davis (3) found that more than 90 per cent of smutted plants fail to 
survive periods of drought. Observation has shown that prevalence of smut 
varies wdth season of year so that many more diseased plants are noticeable 
during spring and fall than during hot summer months when droughts gen- 
erally occur. It has been observed further (4) that bluegrass plants, appar- 
ently free of stripe smut when collected, often developed smutted shoots 
when they were maintained under favorable conditions in a greenhouse. 
This indicated that a superficial examination of pastures for prevalence of 
smut in different seasons might be misleading, since some diseased plants 
could be symptomless at the time of examination, but harbor latent infections 
of the pathogen that would become manifest under favorable conditions. 
This suggested that smut infection among plants of Poa pratensis may be 
far more extensive than is generally realized. 

MATERIALS AND METHODS 

In a preliminary survey of more than 75 bluegrass pastures in Pennsyl- 
vania, the writers found very few that appeared to be free of stripe smut, 
w^hile many bore extensive infection. 

During the fall of 1942, each of 13 representative pastures in the vicinity 
of State College, Pennsylvania, was divided by estimation into 4 sections, 
and approximately 50 sod plugs, 1.5 inches in diameter, were collected at 
random from each section. The sod plugs were examined for smut on the 
day following collection, and the number of plugs containing smutted plants 
was recorded. 

1 Contribution No. 59, of the U. S. Regional Pasture Research Laboratory, Division 
of Forage Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engi- 
neering, Agricultural Research Administration, XJ. S- Department of Agriculture, State 
College, Pennsylvania, in cooperation with the Northeastern States. 

2 Associate Pathologist and Geneticist, respectively, 
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In order to preserye the plugs for further examination, tliose from each 
section of a pasture were placed in rows in a fiat containing wet peat moss. 
Thus, each plug was kept separate and the plants therein w’ere maintained 
under favorable growing conditions. Each of the 2600 plugs ^vas examined 
for smut at 1-, 2-, 3-, and 5-month intervals. The plants in each plug 'were 
clipped periodically to maintain them at a height convenient for examina- 
tion. 

RESULTS 

Smutted plants (Table 1) were obtained from each of the 13 pastures. 
At the time of sampling, the proportion of plugs with smutted plants varied 
for different pastures from 0.5 to 11.4 per cent. "When the plugs Avere 
re-examined one month later, nearl^y all samples showed an increase in 
number of smutted plugs. The collections from some pastures contained 
more than twice as many smutted plugs as were detected at the first exami- 
nation, 

TABLE 1. — Per cent of plugs with smut-infected playits at different periods of 
examination and total per cent smut 


Pasture 

No. ^ 

Months after collection 

Totala 

0 

1 

2 1 

3 ! 

5 

70 

7.6 1 

12.0 

18.1 

19.5 

17.7 

30.0 

71 

4.9 

9.3 

14.2 

13.0 

11.7 

25.9 

72 

4.0 

4.0 

5.0 

6.5 

5.5 

10.0 

73 

0,5 

1.5 

2.1 

2.0 

1.5 

4.5 

74 

5.5 

6.0 

9.0 

11.0 

10.0 

16.5 

75 

11,4 

15.3 

18.1 

18.7 

14.9 

31.0 

76 

3.9 

9.9 

20.8 

25.3 

25.2 

34.4 

77 

5.5 

8,4 1 

13.4 

9.9 

14.9 

21.8 

78 

11.1 

10.5 

13.5 

17.0 

13.0 

23.0 

79 

10.6 

12.6 

15.2 

14.2 

12.7 

23.9 

80 

9.0 

16.3 

1 18.2 

17.2 

19.1 

29.5 

81 

3.9 

! 7.7 ■ 

7.7 

7.8 

8.3 

14.6 

82 

2.0 

5.0 

5.0 

4.5 

4.6 

11.0 


a Total per cent smutted plugs recorded duiing the entire observation period. 

There was no evidence that increase in number of smutted plug's from 
one examination period to the next was due to spread of infection among 
plugs in the flats. This was demonstrated by plotting the location of smut- 
ted plugs after each examination. If transmission of smut were taking- 
place, one would expect the healthy plants in plugs adjacent to diseased 
plants to be the first to show symptoms of infection. However, the location 
of additional plugs containing smutted plants appeared to be random. 

When the plugs were examined 2 and 3 months later, a further increase 
in the number of smutted plugs was found in some collections. This indi- 
cated that most of the smut present among random samples from different 
pastures was detected by growing the plugs for at least 3 months under 
favorable conditions in the greenhouse. At the last examination, the collec- 
tions from most pastures showed a decrease in number of smutted plugs ; 
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liowever, 1.5 to 25.2 per cent of pings from tlie different pastures still con- 
tained smutted plants. 

The decrease in smut observed in some collections was due to death of the 
diseased plant or plant part in some of the plugs. Since only healthy plants 
or at least plants showing no symptoms of disease were left, classification of 
■such plugs was changed from diseased to healthy. 

A measure of total smut present among collections of plugs from each 
pasture was determined by adding together all plugs recorded as smutted 
during the 5-month observation period. This figure included plugs in which 
smutted plants succumbed or those that contained plants that lost their smut 
•symptoms, as well as smutted plants in plugs that were designated as healthy 
at earlier examinations. Since a record was kept regarding the status of 

TABLE ,2. — Distribution in per cent of smutted plugs within different parts of four 
representative pastures 


Pasture 

No. 

Section 

Months after collection 

0 

1 

2 

3 

5 

72 

1 

4.0 

4.0 

4.0 

6.0 

9.0 


2 

12.0 

10.0 

14.0 

20.0 

14.0 


3 

0.0 

0.0 

0.0 

0.0 

0.0 


4 

0.0 

2.0 

2.0 

0.0 

0.0 

73 

1 

0.0 

1.9 

0.0 

3.8 

1.9 


2 

2.1 

2.1 

8.3 

4.2 

2,1 


3 

0.0 

0.0 

0.0 

0.0 

0.0 


4 

0.0 

2.0 

0.0 

0.0 

2.0 

76 

1 

3.8 

5.8 

13.5 

17.3 

25.0 


2 

3.9 

9.8 

19.6 

31.4 

23.5 


3 

0.0 

8.2 

18.4 

22.4 

22.4 


4 

8.0 

16.0 

32.0 

30.0 

30.0 

80 

1 

8.2 

10.2 

12.2 

20.4 

16.3 


2 

0.0 

4.0 

8.0 

6.0 

4.0 


3 

3,8 

18.9 

26.4 

26,4 

30.2 


4 

24.0 

32.0 

26.0 

16.0 

26.0 


each plug at each examination, any plug that had displayed a smutted plant 
at any time during the observation period was recorded as smutted. The 
data so recorded are shown in the last column of table 1 and illustrate the 
extensive smut infection present in the pastures sampled. The least pro- 
portion of smutted plugs recorded was 4.5 per cent from pasture No. 73. 
The greatest proportion of smutted plugs collected, 34.4 per cent, came from 
pasture No, 76. Of the 13 pastures sampled, 8 yielded more than 20 per cent 
smutted plugs. 

DISTRIBUTION OF STRIPE SMUT IN SOME PASTURES SAMPLED 

i The distribution of stripe SBiut in pastures was studied by recording 

; separately the number of smutted plugs collected from the 4 parts of each 

pasture. The data from table 2 show that some pastures varied appreciably 
in the amount of smut present in different areas. For example, sections 3 
I and 4 of pasture No. 72 showed no smut at the time they were sampled, while 
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sections 1 and 2 of the same pasture contained smut to the extent of 4.0 and 
12.0 per cent, respectiyely. The number of smutted plugs in sections 1 and 
2 increased eventually to a maximum of 9.0 and 20.0 per cent. Similarly, 
there were wide fluctuations in different parts of pasture No. 80. At the 
first examination, the number of smutted plugs from different sections of 
this pasture varied from 0 to 24.0 per cent. At the last examination, the 
variation was from 4.0 to 30.2 per cent. 

The results from pastures 73 and 76 (Table 2) are illustrative of those 
obtained from pastures bearing a fairly uniform distribution of smut. 
Despite some fluctuation in number of smutted plugs at different examina- 
tions, the final examination revealed a rather uniform amount of smut among 
the samples collected from these pastures. 

DISCUSSION 

Prom the data presented, one may conclude that prevalence of stripe 
smut of I*oa praiensis in some pastures of Pennsylvania is much greater than 
superficial examinations would ordinarily disclose. It is well known that 
the amount of smut present during different seasons fluctuates, depending 
on weather conditions. Under favorable growing conditions of spring and 
fall, considerable numbers of smutted plants are noticeable. That the 
amount of smut visible in a bluegrass pasture at any one time is not neces- 
sarily representative of the total amount present was demonstrated by the 
marked increase in number of sod plugs containing smutted plants when the 
samples collected from different pastures were grown under favorable con- 
ditions in a greenhouse. The increased number of smutted plugs was ap- 
parently due to expression of symptoms among plants that were symptom- 
less at the time they were collected and to dormant infections among some 
plants. 

The high percentage of smutted plugs collected from some of the blue- 
grass pastures leaves little doubt that stripe smut may be important in re- 
ducing yields. The observed decrease in prevalence of smut during hot 
summer months is probably due to death at least of the above-ground parts 
of many diseased plants. This may account, to some extent, for the so- 
called '‘drying-up’^ of bluegrass pastures during the summer season. With 
the onset of unfavorable environmental conditions for the host, stripe smut 
might weaken plants to a point where they would succumb to the infection 
or be predisposed to invasion by other pathogens. 

The pastures studied in these investigations varied in size from a few to 
many acres. Within some of the pastures there was a wide range in topog- 
raphy, soil type, fertility, and density of Kentucky bluegrass. Within the 
limits of the sampling in this investigation, there was no apparent consistent 
relationship between these factors and variations in prevalence of smut in- 
fection. It is possible that more extensive investigations would reveal such 
relationships. Other factors that may have influenced variations within 
pastures are age of pasture, distribution of susceptible strains of Kentucky 
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bliiegrass, and management practices and other conditions affecting the 
spread of the pathogen and snryival of diseased plants. These factors also 
may have been important in conditioning differences between pastures. 

The results of these investigations emphasize the importance of a further 
study of the life history, epidemiology, ecology and genetics of the pathogen 
causing stripe smut. 

SUMMARY 

Examination of Foa pratensis plants in sod plugs collected from different 
parts of each of 13 representative pastures in Pennsylvania revealed that 
stripe smut caused by Vstilaga striaeformw was present at the time of 
sampling to the extent of 0.5 to 11.4 per cent. 

The sod plugs from each pasture were maintained separately and ob- 
served periodically. In most cases, there was an increase in number of plugs 
containing smutted plants. This was attributed to expression of symptoms 
among plants that were symptomless at the time they were collected and to 
dormant infection. 

The total number of plugs recorded as containing smutted plants during 
a 5-month observation period varied for different pastures from 4.5 to 34.4 
per cent. 

Observations on distribution of stripe smut in different parts of pastures 
revealed that some contained a fairly uniform infection over the entire 
pasture while others contained variable amounts for different areas. 

IT. S. Regional Pasture Research Laboratory, 

State College, Pa. 
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CAKROT BACTERIAL BLIGHT AS IT AFFECTS THE ROOTS 

P. A. Akk and M. W. Gaedner 
(Accepted for publication January 3, 1944) 

A scab disease of carrot roots, serious in California (1) has been found 
to be caused by the bacterial blight organism, Phytomonas carotae (Ken- 
drick) Bergey et al, 1939, described by Kendrick (2) in 1934 as the cause 
of a disease of the leaves and umbels. The root phase of this disease is prob- 
ably identical with a scab reported as an important market blemish in Cali- 
fornia-grown carrots in 1936 by Eamsey (3, p. 86) and Ramsey and Wiant 
(4, p. 43, and PI. 13-B). It was first observed in California in 1937 in the 
Santa Maria Valley, and is prevalent near Soledad in the Salinas Valley in 
irrigated fields of sandy soil, cropped repeatedly to carrots. 

The bacterial-blight organism has been isolated from the root lesions, and 
its pathogenicity proved by atomizer inoculation of carrot foliage. Root 
infection was obtained with this organism in carrot plants grown from ster- 
ilized .seed in fiats of sterilized soil to which a suspension of the organism had 
been added. 

SYMPTOMS 

Infection may occur at any point on the surface of the root (Fig. 1, 
A, D). Late infection of fairly large roots causes rather shallow, scabby 
lesions, often very numerous (Pig. 1, A, B, C, D). Young lesions are very 
small, brown or maroon spots, which may develop into slightly raised pus- 
tules or slightly sunken, laterally elongated craters with flAes of black 
necrotic tissue at the center (Fig. 1, A, B, Pig. 2, B). These lesions often 
bear gray masses of bacterial ooze. Examination of washed roots with a 
hand lens often reveals another type of incipient lesion associated with this 
disease, a shallow, water-soaked or greasy fleck 2 or 3 mm. in diameter, in- 
volving only the epidermis (Pig. 2, B). Such lesions may develop a brown 
necrotic spot in the center. 

Larger lesions are elongated laterally (Pig. 1, A, B, C, Pig. 2, A, C). 
The necrotic tissues in the lesion crack open and a copious bacterial exudate 
embedding soil particles and fragments of the black necrotic tissue is largely 
responsible for the raised, black, scabby character of the lesion. When the 
roots are washed the lesions emit fresh gray masses of bacterial exudate. 
Kendrick (2) pointed out this tendency of the blight lesions on the umbels 
to ooze copiously. 

Because of its interference with normal root enlargement, early infection 
may result in a sunken area with a scab (Pig. 2, P) or blackened canker 
(I ig. 2, D) at the center or a healed-over pocket of blackened necrotic tissue 
(Pig. 2, E, P). These internal or buried lesions in fairly normal appearing 
roots are particularly objectionable because such roots cannot be culled out 
in the field or packing sheds. Occasionally large, rough, sunken cankers 
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Fig. 1. Foot symptoms of carrot bacterial blight. A to D, Eaised scabby lesionS; 
elongated laterally. In B and D some very small lesions are shown. E and F. Encir- 
cling lesions and root constriction resulting from early infection. 

Frequently early infection results in a sharply sunken encircling con- 
striction of the root, which may cause it to break in two when pulled (Fig. 1, 
B, F). Secondary infection of blight lesions by rot-producing fungi is of 
frequent occurrence. 

Internal infection of the crown of old roots used for seed production has 
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been found in the form of discolored strands (Fig. 2, G) proceeding down- 
ward, presumably from previously infected leaves. 

PERSISTENCE OF ORGANISM! IN THE SOIL 

In the Soledad region where root infection is prevalent, carrots for east- 
ern shipment have been grown more or less continuously and at all seasons 
of the year, some fields having a history of 4 carrot crops in 3 years. Soil 



Fig. 2. Root symptoms of carrot bacterial blight. A. Laterally elongated scab 
lesions and very small incipient lesions. B. Two types of incipient lesions, laterally 
elongated, sharply delimited, black specks and freckle-like, skin-deep, watersoaked or 
greasy blotches. C. Large, laterally elongated, encircling scab. D. Sunken canker, 
resulting perhaps from coalescence of early infections. E and F. Longitudinal sections 
through root showing constrictions and internal pockets of black necrotic tissue resulting 
from early infection. G. Longitudinal section of crown of old seed root showing dark 
strands of necrotic infected tissue that extend downward from infected leaf bases. 

conditions are evidently favorable for root infection throughout most of the 
year, since none of the crops representing different dates of planting seem 
to escape. On the other hand, foliage infection in these fields has been 
observed only in the spring on crops exposed to the winter rains and is 
believed to have little or no current relation to root infection. 

Kendrick (2) has shown that foliage infection may come from the soil. 
That the soil in the Soledad carrot district is heavily contaminated with the 
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blight bacteria has been proved by the abundant root infection obtained on 
carrots grown from hot-water-treated seed in flats of soil brought in from 
diseased fields to the greenhouse. In fact, infection was obtained after the 
soil had been in dry storage for 12 months. 

The copious oozing of the bacteria from the root lesions and the danger- 
ous harvest practice of leaving the culls in the field to be plowed under pro- 
vide for abundant soil infestation. 

The disease is much worse in fields repeatedly cropped to carrots. For 
example, counts made at Soledad in January, 1943, showed conspicuous in- 
fection on 12 per cent of the roots in new soil as compared with 50 per cent 
in old carrot soil. These plots were planted with sterilized seed, and the 
presence of the organism in the soil not previously in carrots may possibly 
be explained by the deposits of wind-blown, contaminated soil from old car- 
rot fields nearby. A very strong afternoon wind that drifts the soil is a 
daily phenomenon in that district at certain seasons. 

SEED DISSEMINATION AND SEED DISINFECTION 

Kendrick (2) showed that bacterial blight occurred abundantly in the 
umbels of carrots grown for seed and that artificially contaminated seed 
gave rise to infected seedlings. Seed from infected and healthy umbels was 
collected in the Delta region in June, 1940. Seed from infected umbels was 
planted in flats of sterilized soil in the greenhouse in late October and among 
about a thousand seedlings examined, 4.3 per cent showed foliage infection. 
In field plots planted with this seed in July, 1940, the plants were grown 
until they bore seed. In September, 1941, foliage and umbel infection was 
found on 8 of the 199 plants grown from seed collected from diseased umbels, 
whereas no disease developed among the 236 plants grown from seed col- 
lected from healthy umbels. 

The same carrot seed from infected umbels was used to test various meth- 
ods of seed disinfection. In greenhouse tests in sterilized soil, started in 
January, 1941, 9 per cent of the several hundred plants grown from un- 
treated seed were infected, whereas no infection occurred among a similar 
number of plants grown from seed treated in hot water, 52° C., for 10 min- 
utes, Field plots were planted in Berkeley in the spring of 1941 in soil not 
previously in carrots, and disease counts were made in May. In the check 
plot planted with seed dipped in water, 47 per cent of the seedlings were 
infected, whereas no infection occurred in the plots planted with seed treated 
for 10 minutes in hot water at 52° C. or for 10 minutes in a 1 : 1000 solution 
of mercuric chloride. In the field test previously mentioned in which the 
seed was planted in July, 1940, and the records taken over a year later, 4 
per cent of the plants from unsterilized seed were infected, 3 per cent, where 
seed treated in a 1 : 1000 solution of mercuric chloride was used, and none 
where the seed treatment was hot water, 52° C., for 10 minutes. 

Large field plots have been planted with hot-water-treated commercial 
seed at various times during 1942 and 1943, in the Soledad district, with no 
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indication of any injury from the treatment; but the presence of general 
soil infestation with the blight bacteria rendered the seed treatment ineffec- 
tive against the disease. 

SUMMARY 

Black, scabby lesions on carrot roots are caused by the carrot bacterial 
blight organism, Phyiomonas carotae. Deep constrictions and internal 
pockets of necrotic tissue may result from early infection. 

The organism is harbored in the soil and the disease is serious in fields 
cropped repeatedly to carrots. 

Hot- water treatment of the seed is effective against seed-borne infection. 

Division op Plant Pathology^ 

University op California, 

Berkeley, Calip. 
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THE POTENTIAL IMPORTANCE OF RACE 8 OP PUCCINIA 
GRAMINIS AVENAE IN THE UNITED STATES^ 

E. G. STAKMAN2 AND W . Q. LOEGEEINGS 
(Accepted for publication December 31, 1943) 

Race 8 of Puceinia graminis avenae was sufficiently prevalent in 1943 to 
cause concern regarding its possible future effect on the performance of 
Vicland, Boone, Tama, and several other recently developed oat varieties, 
mostly derived from Victoria x Richland crosses. Because of their yielding 
ability and resistance to stem rust, crown rust, and smuts, these new varie- 
ties have been rapidly replacing older varieties of oats. They owe their 
stem-rust resistance to the Richland parent, one of the differential varieties 
used in identifying races of P. graminis avenae. 

Although Richland is susceptible to 7 of the 13 races of Puceinia graminis 
avenae now knovm, none of them has hitherto been sufficiently prevalent in 
the United States to be of practical importance, and only 2 races (8 and 10) 
have been found commonly. Richland and the varieties that derived their 
resistance from it are not susceptible to races 2 and 5, the only races preva- 
lent enough to be of practical importance during the past 15 or 20 years 
(3, 5, 6, 7, 8) . Nevertheless, as pointed out by the writers and Cotter (6, 8) , 
there have been indications recently that races 8 and 10 might increase suf- 
ficiently in prevalence to endanger those varieties with the Richland type 
of resistance. 

The prevalence of races, expressed as percentages of total isolates for 
1939 to 1943, inclusive, is shown in table 1. 

Only 6 races were represented in more than 1,200 isolates during the past 
5 years; and, for practical purposes, the number may be considered as 4, 
since races 2 and 5 may be combined; likewise 8 and 10. Races 2 and 5 
differ only in their effect on the variety Jostrain, race 2 producing type 4 
and race 5 producing type X. There is a similar difference between races 
8 and 10 on Jostrain. When the combinations are made, it is apparent that 
races 2 and 5 comprised most of the rust during the past 5 years, races 7 
and 12 were almost negligible, and races 8 and 10 were present in small but 
appreciable amounts in 1940 and 1941 and in considerable amounts in 1943 

1 Cooperative investigations between the United States Department of Agriculture 
and the Minnesota Agricultural Experiment Station. Paper No. 2114 of the Scientific 
Journal Series of the Minnesota Agricultural Experiment Station. 

Many of the collections of rusted oats were made by members of the barberry eradi- 
cation organizations in various States. The following also contributed a number of valu- 
able collections: D. G. Fletcher, of the Bust Prevention Association, Minneapolis, Minn.; 
I. M. Atkins, E. S. McFadden, H. C. Murphy, R. G. Shands, and T. B. Stanton, of the 
Bureau of Plant Industry, Agricultural Research Administration, U. S. Department of 
Agriculture; and T. E. Stoa, of the North Dakota Agricultural Experiment Station. 

2 Chief, Division of Plant Pathology and Botany, University of Minnesota, and 

Agent, Bureau of Entomology and Plant Quarantine, Agricultural Research Administra- 
tion, U. S. Department of Agriculture. , a ti • 

3 Agent, Bureau of Entomology and Plant Quarantine, Agricultural Research Admin- 
istration, U. S. Department of Agriculture. 
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(Table 1). Of the races isolated during the 5 years, only 8 and 10 attack 
Richland and its derivatives heavily (3). 

In 1943 race 8 caused such conspicuous rust on the new rust-resistant 
varieties derived from Richland x Victoria crosses as to evoke independent 
comment from several plant pathologists, plant breeders, and men engaged 
in rust surveys. Although the severity of infection on the resistant varie- 
ties was relatively low in most cases, the infection type indicated complete 
susceptibility. That the rust actually was caused by race 8 is clear, as iso- 
lates of this race were obtained from Vicland, Boone, Tama, Control, from 
an unnamed line of Richland parentage, and from fields of unknown varie- 
ties. Race 8 always was isolated in pure form from the resistant varieties, 
but race 2 tended to predominate when both were isolated from collections 
of nonresistant varieties. In each of 5 such collections, the ratios between 
races 2 and 8 were 50 : 50, 85 : 15, 85 : 15, 80 : 20, and 50 : 50. These ratios 
are determined by estimating the number of type-1 and type-4 pustules on 


TABLE 1 . — The prevalence of races of JPuccinia graminis avenae in the United 
States from 1939 to 1943, inclusive 


Year 

Bace and percentage of total isolates 

Total number 
of isolates 

2 

5 

7 

8 

10 

12 

2 + 5 j 

8 + 10 

1939 

55.7 

41.6 

1.2 

1.2 

0.3 

0.3 

97.3 

1.5 

251 

1940 

53.1 

39.9 


2.4 

3.8 1 

• 0.7 

93.0 i 

6.2 

286 

1941 

55.7 

38.4 


1.6 

3.3 

1.0 

94.1 

4.9 

305 

1942 

65.5 

32.4 


0.4 

1.7 


97.9 

2.1 

232 

1943a 

79.1 



20.2 


0.7 

79.1 

20.2 
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a Ho distinction is made between races 2 and 5, nor between 8 and 10, in 1943. 


Richland, produced by races 2 and 8, respectively, when differential varie- 
ties are inoculated in the greenhouse. 

Race 8, originally found in Canada (2, 4), was collected in the United 
States for the first time in 1937, in Iowa, Wisconsin, and Pennsylvania. In 
1938 it was found only in Virginia. During the first two years, therefore, 
it was found only in barberry-infested areas ; and in 1939 it appeared in 
Ohio, Wisconsin, and Missouri. In 1940 it was found in Kansas and Texas, 
as well as in Iowa, Wisconsin, and Minnesota. It appears, therefore, to 
have become established first in the north and northeast, where barberries 
become rusted, and then to have extended southward and westward. Race 
10 was first identified by Cotter (1) from rusted oats growing near barber- 
ries in Jefferson County, Wisconsin, under circumstances that make it vir- 
tually certain that the rust originated on the bushes. It appears, therefore, 
that both races 8 and 10 began their careers near barberries. 

Race 8 then spread southward into Texas, where the uredial stage ap- 
pears to have survived the winter of 1942-43 ; and the rust spread northward 
during the growing season of 1943. This sequence of events seems clear, 
although the evidence necessarily is circumstantial. Race 8 was isolated 
from rusted oats in Texas in the early spring of 1943 and was isolated subse- 


1944] Stakman and Loegering: Puccinia graminis avenae 423 

quently from collections made in Colorado, Iowa, Kansas, Michigan, Minne- 
sota, Missouri, Montana, Nebraska, North Dakota, Oklahoma, Pennsylvania, 
South Dakota, and Wisconsin (Pig. 1). Although inoculum of race 8 came 
from the South, it probably would not have been there except for barberries 
in the North. The fact that new or rare races have two possibilities of sur- 
viving the winter — ^uredial overwintering in the South and the telial-aecial 
sequence in the North and East — ^makes it doubly desirable to impede their 
possible production in the sexual stage on the barberry. When once pro- 
duced, there is a possibility that they may perpetuate themselves in the 
uredial stage by traveling via air currents from north to south in the fall 
and from south to north in the spring and summer. 

Despite their low prevalence, races 8 and 10 have been rather widely dis- 
tributed. Even prior to 1943, race 8 was found in the following States 
during the period 1939-1942, inclusive : Iowa, Kansas, Minnesota, Missouri, 


PUCCINIA graminis avenae RACE 8 



Eig. 1. Distribution of Puccinia graminis avenae race 8 in the United States. 

Nebraska, North Dakota, South Dakota,^ Ohio, Pennsylvania, Texas, and 
Wisconsin. During the same period, race 10 was found in Texas, Nebraska, 
Iowa, North Dakota, Minnesota, Wisconsin, Michigan, Virginia, and Penn- 
sylvania. 

There can be no certainty regarding the future of race 8 or other races 
to which Eichland derivatives are susceptible. It is clear, however, that 
both 8 and 10 are rather widely distributed geographically and that there 
was considerable inoculum of race 8 during the summer of 1943. Given 
conditions favorable for extensive overwintering of the uredial stage in the 
South or for abundant development on barberry bushes in the North, or 
both, followed by favorable conditions for rust development during one or 
more growing seasons, this race might soon become strongly established. On 
the other hand, any one of several unfavorable circumstances might result in 
its subsidence. The tendency for the new rust-resistant oat varieties to 
reduce the prevalence of races 2 and 5 may favor the increase of race 8 and 
other similar races by eliminating competition. It is clear that there have 
4 -Not included in figure 1. 
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been decided and important changes in prevalence of races of Fuccinia 
graminis tritici (5, 6, 7, 8) ; and equally great changes may or may not occur 
in P. graminis avenae. 

White Tartar, another of the differentials used in identifying races of 
Fuccinia graminis avenue and also used as a stem-rust-resistant parent in 
crosses, is very resistant to races 2, 5, 8, and 10, but is susceptible to races. 
3, 4, 6, 7, 12, and 13. During the past 20 years these races either have not 
been found in the United States or have been so rare as to be of no conse- 
quence; however, during the past 5 years, 1939 to 1943, inclusive, race 7 was 
isolated from collections made in 1939 in barberry-infested areas in Wiscon- 
sin and Pennsylvania. It also was obtained from Oklahoma. In 1939 race 
12 was isolated from aecial material collected in Pennsylvania, in 1940 it 
was found near barberries in the same State, in 1941 it was isolated 3 times 
from aecia from Pennsylvania, and in 1943 it was isolated from barberry 
areas in Pennsylvania and New York. The other races that attack White 
Tartar were not isolated in the United States, although races 1 to 10, inclu- 
sive, were found in Canada during the period 1925-1936, inclusive, accord- 
ing to Gordon and Welsh (2) and Margaret Newton (4). 

SUMMARY AND CONCLUSIONS 

The primary object of this paper is to call attention to the increase in 
prevalence in 1943 of race 8 of Fuccinia graminis avenue. This increase 
may be only temporary or it may be relatively permanent, depending on 
conditions affecting the various phases of rust development in the near 
future. 

The increase of race 8 in 1943 is important because it is evident that this 
race and race 10, which is combined with it for practical purposes, can cause 
heavy infection on Richland oats and on such varieties as Vicland, Boone, 
Tama, and others, mostly derived from Victoria x Richland crosses, and hav- 
ing the Richland type of resistance. Not only seedlings but also adult 
plants of these varieties are susceptible, confirming conclusions of Levine 
and Smith (3) regarding agreement between reaction of seedlings and adult 
plants of oats to physiologic races of Fuccinia graminis avenue. As race 8 
w^as isolated a number of times, especially in 1943, from large uredia on the 
hitherto generally resistant varieties, and as there was abundant rust on 
them in some localities, there is no question regarding their susceptibility. 
The real question is whether race 8 and the very closely related race 10 will 
increase, as certain races of P. graminis tritici^ notably races 56 and 17, 
increased in recent years. Races 8 and 10 have been rather widely distrib- 
uted geographically in the United States for several years, and the possibil- 
ity of an increase in prevalence must, therefore, be recognized. Although 
a further increase in races 8 and 10 might jeopardize the varieties that 
derived their resistance from Richland, there are no present indica- 
tions of an increase in the tJnited States of those races to which White 
Tartar and its resistant derivatives are susceptible. Moreover, there are 
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indications from the work of Welsh (9) that it may he possible to obtain 
varieties combining resistance to all or most of the races now known. 
Division of Plant Disease Control, 

Bureau of Entomology and Plant Quarantine, 

Agricultural Eesearch Administration, 

United States Department of Agriculture, in cooperation 

WITH 

Minnesota Agricultural Experiment Station, 

St. Paul, Minnesota. 
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THE ANTAGONISM OP SOIL OEGANISMS TO PUSARIUM 
OXYSPORUM CUBBNSE" 

Cliff o ED H. Meeedith 
(Accepted for publication October 6, 1943) 

111 tbe banana-producing sections of Jamaica it is common knowledge 
that some areas liave a natural resistance to Panama disease, while other, 
near-by areas lack this resistance. Wardlaw (7) has pointed out that there 
are many unexplained aspects of the Panama-disease problem and refers to 
a situation on the lower Ullua River in the Republic of Honduras, where, 
notwithstanding periodic inundations by flood waters carrying debris from 
affected areas higher up, large areas have remained in a high state of pro- 
duction for a period of about 50 years. 

An explanation of this natural resistance is suggested by experiments 
conducted by Alexopoulos, Arnett, and McIntosh (2) in 1938, which gave 
evidence of antibiosis between bacteria and fungi. Continuing this work 
Alexopoulos (1) tested out the ability of 80 Actinomyces species to inhibit 
the growth of Collet otrichum gloeosporioides on maltose agar. They were 
classified as 35 non-inhibitors, 31 weak inhibitors, and 14 strong inhibitors. 
Alexopoulos and Herrick (3) point out that actinomycetes differ in their 
ability to inhibit the growth of a given fungus in culture under the con- 
ditions of the experiment. Waksman, Horning, Welsch, arid Woodruff (6) 
found that actinomycetes possessing antagonistic properties against bacteria 
and fungi were widely distributed in nature, especially in soils and com- 
posts. Two hundred and forty-four cultures were isolated at random from 
different soils; of these, 106 cultures possessed some antagonistic properties, 
and 49 were highly antagonistic. 

An investigation into the character of this natural resistance of soils to 
Panama disease was, therefore, undertaken^ resulting in the isolation of cer- 
tain promising soil organisms (4). Most of the soil organisms encountered 
in this work have been actinomycetes (5), but careful taxonomic work has 
been deferred. These organisms fell into 3 classes: those (a) that appar- 
ently increased the growth of the Panama-disease fungus, (b) that did not 
interfere with the growth, and (c) that were antagonistic to the Ftisarium. 

MATERIALS AND METHODS 

Soil samples were collected from various parishes in Jamaica, an effort 
being made to get soils of different composition and texture. Sixty-six 
samples were used that had been collected from St, Mary (45), St. James 
(13), St. Andrew (4), and St. Thomas (4). 

A soil solution was made by shaking 20 g. of soil with water np to 1 liter. 
The mixture was filtered after about 30 minutes. This solution was used 

1 Aeknowledgment is due the Jamaica Banana Producers^ Association for support of 
this research. 


426 



1944] . Meredith : Organisms Antagonistic to Fusarium 


with Parke,. Davis and Co. granular agar for 2 per cent agar media. Each 
isolation and each test was made on the soil solution from which the soil 
organism was taken. The isolations were made by dilution methods with 

0.00001 to 0.000001 g. of soil per plate. 

The first tests were conducted in plates by making a line of the soil 
organism across the plate and introducing Fusarium oxysporum culense 
about one-half inch from the soil culture. Later, a long, thin slant was 
made in test tubes and the same procedure followed. The soil organism was 
introduced by making a cut across the agar with a flattened needle, curved 
at the end, while the Fusarium was introduced about one-half inch above. 
Measurements of the mycelial growth of the Fusarium were made and 
recorded by the use of a low-powered microscope. 


RESULTS 

The soil organisms that exhibited antagonism to the Panama-disease 
fungus under the conditions of the experiment were placed in 3 classes : 

1. Slightly antagonistic ; organisms that retard the growth of Fusarium 
oxysporum cub ense. 

2. Antagonistic ; organisms that have the ability to produce an area free 
from mycelium of Fusarium oxysporum cub ense. 

3. Very antagonistic; organisms that have pronounced ability to dissolve 
or inhibit the growth of Fusarium oxysporum cub ense. 

The isolations under observation from the 66 soil samples collected num- 
bered 7642 ; 1020 of these were grown with the Panama-disease fungus. The 
antagonistic organisms found were classified as follows; (1) slightly antago- 
nistic, 66; (2) antagonistic, 39; and (3) very antagonistic, 17 (Table 1). 
Only 15 of the soil samples produced very antagonistic organisms. There 
were 122 antagonistic organisms in all taken from the 66 soil samples ; 17 
samples produced no antagonistic organisms, 19 produced 1, 11 produced 2, 
9 produced 3, 4 produced 4, 2 produced 5, 3 produced 6, and 1 produced 10. 
The antagonistic organisms were not evenly distributed, as was shown by the 
fact that 10 of the soil samples produced 54 antagonistic cultures, while 
56 produced only 68. 

A further experiment was conducted on Newry soil-solution agar to test 
out the ability of these antagonistic organisms to affect the growth of the 
Panama-disease fungus on soils other than the one from which they were 
taken. The 17 actinomycetes used were classified as very antagonistic (5), 
antagonistic (11), and slightly antagonistic (1). Bight of these organisms 
were antagonistic to Fusarium oxysporum cub ense on the Newry soil-solu- 
tion agar, while 9 did not exhibit the antagonism that they had shown on 
their own soil-solution agar. Of the 8 actinomycetes antagonistic to the 
Fusarium on Newry soil-solution agar 2 were listed as very antagonistic and 
6 were listed as antagonistic on their own soil-solution agar. 

Prom experiments conducted up to the present time it appears that the 
antagonism of actinomycetes varies with the soil solution, but the growth 
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TABLE l.—The effect of 

on soil-solution agar 


HU Iff ui yufvbfsnvo 


Soil sample 


St, Mary 
Frontier 


Isolates 


Number 

tested 


Slightly Antae-o 

antago- Antago- 

nistic 


Gray^s Inn 


Albion 

Clermont 

Salem Manse 


Bosend 


Green Castle . 


Cape Clear 


45. Harmony Hall 

Si. James 

46. Guilsboro 

47 . 



Very 

antago- 

nistic 


1 
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TABLE 1. — (Continued) 


Soil sample 


Isolates 


Number 

tested 


Slightly 

antago- 

nistic 


Antago- 

nistic 


Very 

antago- 

nistic 


56. Guilsboro 

57. - 

58. Ducketts 

St, Thomas 

59. Amity Hall ... 

60. Holland 

61. 

62 . '' 

St. Andrew 

63. Kirklands 

64. 

65. 

66 . '' 

Totals 


Ill 

81 

46 


27 

44 

89 

89 

7642 


22 

12 

20 

22 

1020 


of the Panama-disease fungus tends to be at about the same rate on all the 
soil solutions examined. 

SUMMARY 

Of the soil organisms, mostly aetinomycetes, isolated from 66 soil samples 
in Jamaica, 122 exhibited antagonism to Fusarium ozysporum cuiense. 
They were classified as 66 slightly antagonistic,; 39 antagonistic, and 17 yery 
antagonistic. 

The antagonistic organisms were not evenly distributed in the soil sam- 
ples, as 10 of the 66 samples had 44.2 per cent of the antagonistic organisms. 

Aetinomycetes antagonistic to Fusarium oxysporum cubense in their own 
soil-solution agar were not always antagonistic when tested in other soil- 
solution agar. 

Kirklands Laboratory, 

Red Hills, Jamaica, B. W. I. 
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XANTHOMONAS VIGNICOLA SP. NOV. PATHOGENIC 
ON COWPEAS AND BEANS 


Walter H. Burkholder 
(Accepted for publication January 1, 1944) 

In August, 1942, A. A. Dunlap sent the writer specimens of cowpea 
plants {Vigna sinensis Endl.) showing large fissures and cankers on the 
stems, and later,^ he published a description of the disease as it appears in 
the field under Texas conditions. The writer, without having seen naturally 
infected plants in the growing condition, made careful examinations of the 
stem lesions of these specimens and found that a great many bacteria were 
present in the necrotic tissue that evidently were the cause of the disease 
Dilution plates from a number of the cankers gave rise to yellow bacterial 
colonies similar in growth characteristics to those of Xanthomonas phaseoli 
(B. P. Smith) Dowson. A search through literature, however, showed no 
report of this pathogen on the cowpea, and past experiences of the writer 
had shown that all attempts to infect this crop with the bean blight organism 
met with failure. No cowpea plants were available at the time of isolation 
with which to test the pathogenicity of these bacteria, but there were a num- 
ber of young Red Kidney beans growing in the greenhouse. Inoculations 
on these plants, made by introducing the bacteria into a wounded stem, 
demonstrated that the organism was extremely virulent to this crop, and in 
approximately 3 weeks the plants were dead. 

These results led to an investigation to determine the relationship of 
the cowpea pathogen to Xanthomonas phaseoli, and the ability of the two 
to infect beans, eowpeas, and related plants. The diseased cowpeas received 
from Texas were of the Chinese Red variety, so this variety was used in the 
experiments. Seed was kindly furnished by Dr. Dunlap. The bean variety 
used was the Red Kidney that is very susceptible to X. phaseoli and that 
had been shown to be very susceptible to the cowpea organism. In the in- 
oculation experiments, 6 isolates of the cowpea pathogen, and 2 isolates of 
X phaseoli were employed. The latter (XP4 and XP14) were 1 and 2 vears 
old but still very pathogenic on beans. These 8 isolates proved pathogenic 
on the Red Kidney plants with approximately equal virulence. The symp- 
toms were those always associated with X. phaseoli. It appeared in kese 
experiments that the cowpea pathogen, after being in culture for 4 months, 
had lost its extreme virulence for the bean or that, during the second set 
of inoculations, conditions were not so favorable for virulent infection. The 
6 cowpea isolates were pathogenic on the cowpea. Artificial infection of 
young cowpea plants by stem inoculation frequently led to their entire 
destruction without canker formation, but typical fissures resulted on the 
stem of older plants. Infection was not obtained on the cowpeas when inocu- 
lated with X. phaseoli. 

Planl m Eptrt^': 27^4^!° 
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Six months later these experiments were repeated in a similar manner 
with the exception that the bean blight pathogens were reisolates of those 
formerly used. By this time the eowpea pathogen had lost to a still greater 
extent its virulence for the bean. Small cankers appeared on the stem at 
the point of inoenlation, and, occasionally, a leaf would wilt ; but the plants 
did not die rapidly, as they did with recent isolates. The eowpea pathogen, 
however, still retained its virulence for its own host. No change was noted 
with the cultures of Xanthomonas pkaseoli. 

Further inoculation experiments were conducted on 3 other leguminous 
plants; alfalfa, lespedeza, and soy bean. These tests were duplicated but 
in no ease was infection obtained. It, therefore, was evident that the eowpea 
organism was not any of the following bacteria that it resembles somewhat : 
Xanthomonas alfalfae (Biker et al.) Dowson, X. lespedezae (Ayers et aL) 
Burkholder, nor X. pkaseoli var. sojense (Hedges) Starr and Burkholder. 

The fact that recent isolates of the eowpea pathogen are extremely viru- 
lent on Bed Kidney beans makes the organism of possible importance to the 
bean crop. Furthermore, the two pathogens being so similar in appearance, 
the eowpea organism already might be infecting the bean and isolates when 
made might be mistaken for Xanthomonas phaseoK For these reasons in- 
vestigations were undertaken to determine whether the two showed differ- 
ences in cultural characteristics and biochemical reactions. If there were 
differences the identity of the pathogen then could be determined in culture. 

Six isolates were used in describing the eowpea organism. These were 
selected from single colonies on dilution plates and originated from different 
lesions. Further dilution plates then were made to insure purity and each 
isolate was tested for pathogenicity. All behaved similarly, both patho- 
genically and in culture. Four isolates of Xanthomonas phaseoli (XPl, 
XP2, XP4 and XP14) were tested at the same time. The first two isolates 
were old cultures, but the last two were those used in the inoculation experi- 
ments reported above, and had been reisolated in J anuary, 1943. A number 
of differences were found between the two pathogens, as is shown by the 
following description of the eowpea organism. 

Morphology. The bacterium is a rod with rounded ends. In a ^S-houX'Old culture 
on beef-extract-peptone agar at 27° C., the size of cells are 1.76 jx (1.0 to 2.8 jx) by^ 0.7 jx 
(0.46 to 0.92 jx). The Congo red stain was used in this determination. The bacteria are 
motile with 1 polar flagellum. They are Gram-negative. 

Cultural Characters. On beef-extract-peptone-agar slants at 27° C., a moderate 
growth develops along the streak in about 48 hours. It is filiform, with edges entire, 
glistening, primuline-yellow, butyrous. On potato-dextrose agar, growth is more abun- 
dant, mucoid, and pale-yellow to colorless. In beef-extract bouillon, a cloudy growth 
appears in 48 hours. There is a heavy yellow ring on the glass but no pellicle. In 
litmus milk after a week 's growth there is a reduction of litmus and a light curd develops 
that soon becomes solid and remains so for several weeks. A slow peptonization follows 
and crystals, presumably tyrosine, are formed in the medium. At the end of 6 weeks the 
milk is a brownish-purple syrup. In shake cultures of beef -extract-peptone agar plus 0.5 
per cent dextrose, colonies appear only on the surface of the medium, showing that the 
pathogen is a strict aerobe. 

The optimum temperature for growth is 27° to 0. Maximum 37° 0. and minimum 
between 6° and 9° 0. * . - . 

Biochemical Meactions. Growth in gelatin stabs is good; slight liquefaction begins 
on the second day and proceeds rapidly. Growth in tryptone broth is excellent and hy- 
drogen sulphide production is evident after 4 days. The tests were made with strips of 
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filter paper impregnated with lead acetate. The Gore method shows no indole forma- 
tion. There is a very slight to no growth in synthetic nitrate broth. Nitrites are not 
formed. In beef -extract-broth plus 0.1 per cent KNO3 there is good growth but no 
nitrites at the end of 3, 5 and 10 days. NH4H2PO4 can be utilized for nitrogen. There 
is no growth in Clara ^s medium^ nor in the same solution when tyrosine is substituted for 
asparagine showing that these two amino acids cannot be utilized as a combined carbon 
and nitrogen source. However, in a richer medium tyrosine appears to be broken down 
judging by the color reactions — -a pink to a brown. On spirit-blue agar 3 there is a definite 
lipolytic action. In broth, growth is retarded with 2 per cent NaCl and inhibited with 3 
percent. 

The cowpea pathogen grows slowly in a synthetic medium for carbohydrates^ but 
after two weeks the following data were obtained. All carbon sources with the exception 
of the organic acids were filtered. Acid is formed in dextrose, galactose, lactose, maltose 
sucrose, and raffinose. There is no growth in levulose, 1-arabinose, xylose, rhamnose 
glycerol, and salicin. An alkaline reaction is obtained with salts of citric and malic acid^ 
while the growth in acetic acid was irregular. There is no growth in salts of lactic, formic^ 
succinic, tartaric, and hippurie acid. Starch is hydrolyzed. ’ 

In the above experiments it was demonstrated that there are certain dis- 
tinct differences between the two pathogens. Noticeably, the cowpea or- 
ganism is much slower in growth in all media, and has a tendency to lose 
its viability in culture. This behavior cannot be accounted for on age of 
isolate, since XP4 and XP14 of Xanthomonas phaseoli were reisolates and 
they behave like the two older isolates of this species. The greatest differ- 
ence between the two pathogens is noted in milk. The cowpea organism 
produces a solid curd that lasts several weeks before peptonization begins. 
The bean pathogen begins to clear the medium on the second day with no 
curd formation. The temperature relations also are different; X. phaseoli 
grows at 6° C. but not at 36° C., while the cowpea bacterium does not grow 
at 6° C., gives a slight growth at 9° C., produces a good growth at 36° C., 
but none at 38° C. There are some differences in the ability of the pathogens 
in their energy sources. X. phaseoli utilizes xylose, glycerol, succinic acid 
salts well, and levulose lightly; the cowpea pathogen does not utilize these 
carbon compounds, but utilizes mannitol, which X. phaseoli does not. The 
experiments from which the above data were collected were repeated with 
the same results. 

Inasmuch as the cowpea pathogen differs definitely from Xanthomonas 
phaseoli in both pathogenicity and cultural reactions, it is considered a new 
species and the following name is proposed, Xanthomonas vignicola sp. n. 

SUMMARY 

A description is given of Xanthomonas vignicola n. sp., a bacterium that 
causes cankers on the stems of cowpeas and a blight of the common bean. 
The pathogen is similar to X. phaseoli but differs distinctly in its patho- 
genicity and in certain cultural characteristics. 

Department of Plant Pathology, 

Cornell University, 

Ithaca, New York. 

2 Clara, E. M. A comparative study of the green-fluorescent bacterial plant patho- 
gens. New York (Cornell) Agr. Exp. Stat. Mem. 159: 1-34. 1934. 

3 Starr, Mortimer P. Spirit blue agar : a medium for detection of lipolytic micro- 
organisms. Science 93: 333-334. 1941. 

‘^ Society of American Bacteriologists, Committee on Bacteriological Technique. Man- 
ual of methods for the pure culture study of bacteria. (Geneva, N. Y.) 1923. Leaflet 
n, ed. 8, 1942, p. 15. ^ 



CHAECOAL EOT OP lEISH POTATOES^ 


occurs m tne neia alter me plants reaen maturity ana m tne eariy parx oi 
the storage period. The primary causal agent appears to be Sclerotium 
hataticola Taub. This fungus has been reported^ as causing decay of Irish 
potatoes in the Eastern Mediterranean area and in India. A serious tuber 
decay of Irish potatoes grown under irrigation in the Texas Panhandle in 
the summer of 1943 was later found to be due to this same fungus.^ 

All varieties of Irish potatoes grown in this region appear to be suscep- 
tible to charcoal rot. The varieties on which it was observed this year were 
Bliss Triumph, Irish Cobbler, Katahdin, Chippewa, and Eural. Losses 
often have amounted to 50 per cent or more of the crops and seldom are they 
below 5 per cent, with an estimated average of 15 to 20 per cent of the stored 
crop in 1943. The amount of decay is closely correlated with the date of 
digging and the moisture content of the soil, particularly at digging time. 
Wet soils and high temperatures favor the development of the disease. 

Charcoal rot attacks the maturing plant at the onset of hot weather. It 
probably infects the seed piece, develops in the plant, and goes down through 
the stolon to cause the conspicuous rot on the tuber. Early-, medium-, and 
long-season potatoes as well as early- and late-planted ones died all at about 
the same time, even though the soil moisture seemed adequate for their 
growth. This may indicate that this is an important disease of the plant, 
as well as of the tuber. 

The external symptoms on the tuber are typically a blackened and some- 
what soft or semi- wilted infected area. The internal symptoms show black- 
ening to various depths, but ordinarily the discoloration is restricted to the 
outer area of the tuber. The infections are most often at the stolon end and 
around the eyes (see Fig. 1). During wet weather swollen lenticels also 
nrovide noints of entrance by the fungus. SclevotiuM Ixitdticold' inoculated 
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blackening of the original charcoal rot still evident. This organism was 
most commonly associated with charcoal rot at digging time or shortly after- 
wards. (2) A Fusarium sp., which with S. hataticola produces a water- 
soaked, spongy rot, and the tuber ordinarily dries into a mummy with a 
white fungus outgrowth at the eyes or injured portions. This was more 
common later in storage. The rotting that occurs in storage seems to a large 


Fig. 1. Above, typical stolon infection of tbe charcoal-rot fungus on the tubers of 
Irish potato. Below, eye infection by the charcoal-rot fungus, S. 'bataticola. 


extent attributable to infection in tbe field. Charcoal rot on the tuber some- 
what resembles late-blight rot, but the two are disinguishable to one familiar 
with the latter. 

High temperature seems the most important of the environmental factors 
affecting incidence and severity of charcoal rot. Abundant moisture also 
favors development of the disease. Although Sclerotium lataticola is patho- 
genic at temperatures below 80 to 85° F., the rotting is slow, and, as the tem- 
perature rises, the rate of rotting is very much accelerated. The disease has 
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been reported on Irish potatoes for the most part from tropical or semi-trop- 
ical regions where high soil temperatures during harvest season might be 
expected. In East Texas the crop is planted early in the spring and matures 
as summer begins. Undoubtedly the high soil temperatures of summer are 
responsible for its common and destructive occurrences. 

Control recommendations are based on the present knowledge of the dis- 
ease and its chief epiphytological factors. Since the organism is present in 
most of the soils in the region and has a wide host range, rotation alone will 
be of little value. It is important to remove the tuber from the ground be- 
fore it becomes infected and before high summer temperatures increase the 
activity of the organism. The use of early varieties, planted and harvested 
early, aids in avoiding field infection of the tubers. Care must be used in 
handling these immature tubers to avoid bruises, sunscald, and other injuries 
that will increase the amount of rot. Only well-drained land should be 
used. Potatoes should be sorted to remove any early-stage rot and kept dry 
in crates, which provide for air circulation. Forced circulation will reduce 
the secondary rots. Cold temperatures of 34 to 38° P. reduce the amount 
and rate of rot during storage. 

Texas Agricultural Experiment Station, 

Substation No. 2, Tyler, Texas, 
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Guttaiion-sali Injury on Leaves of Cantaloupe^ Fepper^ and Onion . — Tlie 
formation of salt deposits on the leaves of various plants following guttation, 
and injuries associated with these deposits, have been observed^ in the 
Winter Garden Eegion of Texas. As early as 1804, De Saussure^ reported 
as follows on a certain '^maladie blanche’’ apparently well recognized at that 
time as a nonparasitic disease on cucurbits and other garden plants : 

... the superfluous salts aeciunulate iu certain plants upon the surface of their 
leaves, and form an incrustation which makes them perish, bj preventing transpiration. 
Such is in large part the origin of the white malady (^maladie blanche 0, which attacks 
the Oucurbitaceae and many garden plants. This malady begins, in the case of the cucur- 
bits, with the viscous drops, which appear principally upon the surface of the leaves in 
the vicinity of the petiole. These drops dry out and form white conspicuous powdery 
stains, which extend and multiply successively near the circumference of the leaf. I have 
removed this incrustation; it is not soluble except in part, in water and in alcohol. These 
solutions after evaporation and drying presented a deliquescent salt, which had all the 
properties of calcium muriate united with an inappreciable quantity of magnesia ; it was 
abundantly precipitated by silver nitrate, potassium oxalate, and the alkaline carbonates 
but not at all by baryta water, and it was almost unalterable by fire. The saline and the 
earthy metals^ part of the incrustation formed about one-third of its weight; it is envel- 
oped by a white vegetative substance insoluble in water and in alcohol, and sufficiently 
abundant because the incrustation of the same was not sensitively attracted by the humid- 
ity. This malady attacks principally the old plants which grow upon a soil highly satu- 
rated with animal manure, and under layers where the leaves have not been washed by 
the rains. 

On the edges of cantaloupe leaves, local necrosis, in the form of small 
brown semicircular areas, has been observed to develop at the hydathodes 
following guttation and accumulation of salt deposits at these points. 
These necrotic spots are frequently bordered, and at times preceded, by a 
chlorotic area (Pig. 1, A). The spots may coalesce and form a band of 
necrotic tissue around the entire margin of the leaf. In some cases the whole 
leaf may die. Cantaloupes may guttate frequently and profusely, but, if 
the concentration of the salts in the guttation water be low and no large 
amounts of salts be deposited on the leaf, no injury may occur. The compo- 
sition of these deposits is not entirely known, but they seem to contain 
several common soluble salts in addition to calcium carbonate. Similar 
injury has resulted, both in greenhouse and field, under partly controlled 
conditions by inducing guttation and heavy salt deposits or by placing 
guttated salts from Tamarix in the droplets on the cantaloupe leaves. 

. With the pepper plant, salt deposits have been observed on the surface 
of the leaves following guttation through the upper surfaces, accompanied 
by injury in the form of large necrotic areas, often with a water-soaked 
border (Pig. 1, B and C). This injury has been reproduced in the labora- 
tory by transferring salts from the surface of the necrotic areas to uninjured 

■11 ^ 8- S. Caiemieal deposits on foliage of citrus and other plants and their pos- 

siWe relation to chlorosis and yield. Texas Agr. Exp. Stat. 54th Ann. Rpt., 181-182. 

. Eeeherches chimiques sur la vegetation, p. 264-265. 
wSter ) quotation given here is a translation from the original French, by the 
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pepper leaves in moist chambers. The salts from peppers were very hygro- 
scopic and seemed to contain little or no calcium carbonate. 

On onions, amorphous or crystalline white deposits in the form of small 
aggregates or lumps up to about 1 mm. in diameter have been observed, from 
fe-w to several hundreds on a single leaf (Pig. 1, D). Some time following 
their formation, there usually appear specks or spots underneath tlie de- 
posits. These may be white, pale yellow, or tan, apparently depending on 
their age. Aggregates of these spots resemble the leaf symptoms of onion 
blight,^’ a nonparasitic trouble of economic importance.^ Similar symp- 
toms, including blighting of onion leaf tips, have been produced experi- 
mentally by placing dry guttation salts collected from Tamarix on the young 
onion leaves, where the salts deliquesced. 

Since guttation seems to be a common phenomenon, it is possible that 
other plants may be subject to this same injury. Possibly, the nonparasitic 


Fig. 1. Guttation-salt deposits and associated injury to leaf tissues. A. Cantaloupe 
leaf showing numerous semicircular necrotic lesions at the hydathodes (where guttation- 
salt deposits were previously observed) with nearby chlorotic and necrotic areas. B. Pep- 
per leaf with dry salt deposits following guttation through the upper surface. C. Pepper 
leaf with guttation-salt injury at the moistened lower portion of the leaf following partial 
dissolving of salt deposits. D. Onion leaf with salt deposits, beneath which were formed 
small spots of dead tissue. 

tipburns of lettuce, potato, and of other plants sould be re-examined from 
this standpoint. — S. S. Ivanoff, Texas Agricultural Experiment Station, 
Substation 19, Winter Haven, Texas. 


Sporonema Eot of Apples . — ^In March, 1936, a York Imperial apple that 
had been stored at 36° F., was found to have a large decayed area, with 
numerous pycnidia in the center. The causal organism was identified by 
C. L. Shear as Sporonema oxycocc% a fungus causing decay of stored cran- 
berries and first described by him in 1907.^ This fungus never has been 
reported as causing decay of apples, and no further cases of natural infet- 
tion have been observed. As cranberries were stored in the same room witli 

3 Ivanoff, S- S. Onion blight. Texas Agr. Exp. Stat. 51st Ann. Ept. 2G0-ih>l. 
1938. 

^ Shear, 0. L. New species of fungi. Bui. Tori*. Bot. Club S4: 305—317. 1907. 
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Fig*. 1. Sporonema oxy cocci causing artificially produced rot on York Imperial appL 
at 50° F. A. Numerous pycnidia i^rotruding through the surface of the decayed tissue 
B. Cross section of a pyenidium showing the cylindrical spores. 
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the apples, the decay was noted with interest, but considered as incidental. 
However, in the course of other studies on the source of certain fungi causing 
decay of stored apples, a species of Sporonenm was isolated and was again 
found to cause decay when inoculated into apples. This experience made it 
seem worth while to report the susceptibility of stored apples to Sporonema 
and to include briefly certain observations and descriptions. 

This fungus was found causing decay in 6 of the 44 inoculations, where 
small quantities of surface soil taken from a wooded area near an apple 
orchard were inserted into oblique surface wounds on apples and these were 
then stored at 31° F. for development. 

The disease was produced artificially; typical lesions developed in York 
Imperial apples that were slightly wounded and dipped in an aqueous 
pyenospore suspension, and subsequently stored at 31°, 36°, and 50° F. In 
these tests large, open lenticels also occasionally served as infection courts. 

The rot developed slowly at 31° F., but in the course of several months 
of storage the lesions developed to serious proportions (Fig. 1-A). The 
decayed tissue was pale-brown at first, but became progressively darker with 
age until, at the time the pyenidia (Fig. 1-A) were formed, the underlying 
tissue was quite black. The rot that developed at 50° F. was darker than 
that at 31° F. Mature pyenidia have not been found at 31° F., but have 
occurred on apples at 36° F. The pyenidia originate immediately below 
the decayed peel and become erumpent through it (Fig. 1-B). 

The fungus grew readily on Thaxter agar at a wide range of tempera- 
tures. After 24 days the average diameters of the colonies as grown at 
various temperatures on this medium were: 32° F. = 5.8 mm. ; 41° F. = 27.6 
mm.; 50° F. = 44.0 mm. ; 59° F. = 50.8 mm.; 68° F. = 64.8 mm.; 77° F. = 79.5 
Tu-m. — ^L. P. McColloch, Bureau of Plant Industry Station, Beltsville, Md. 

Bacterial Canker of Cowpeas . — The latter part of July, 1942, a grower 
in Pottawatomie County, Oklahoma, sent to the agricultural experiment sta- 
tion at Stillwater some diseased Whippoorwill cowpea plants for diagnosis. 
Stems of the diseased plants were characterized by prominent, swollen, 
cracked cankers. These cankers were located anywhere from the ground 
level to a height of 6 or 8 inches. Dilution plates from these cankers yielded 
abundant bacterial colonies and an occasional colony of Fnsarium sp. A 
survey of the literature gave no clue as to the nature of the trouble. 

In early August, 1942, it was possible to make a personal inspection of 
the field. The crop was almost a total loss. Only after considerable search 
was it possible to find what could be termed a healthy plant. In many eases 
it was noticed that diseased plants had a tendency to break over at the 
cankered area. 

In October, 1942, the same trouble was observed to be present in a mild 
form in a planting of Chinese Eed cowpeas on the Experiment Station plots 
at Stillwater. The farm foreman stated that the disease had been present 
in small amounts each year for at least 7 years. 
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In the 1943 growing season the disease was again noticed at Stillwater 
and Perkins by early July. By August several varieties in the cowpea 
nursery at Perkins were badly diseased (Fig. 1). A count of the diseased 
plants in each 100-foot row gave the data contained in table 1. Prom this 
table it is evident that the varieties Wood’s Sumptuous, Columbia, Whip- 
poorwill, Early Bed, and a few others are susceptible to this disease, while 
such varieties as Buff or Iron, Victor, Potomac or Calico, Speckled Crowder, 
Brown Crowder, and several others are either resistant or escaped infection. 

During the 1943 growing season the disease has also been observed at 
other points in Payne County and in Creek, Comanche, and Stevens Coun- 


Pig. 1. Bacterial canker of cowpeas. A. Two plants showing the location of the 
cankers. B. Close np of a typical canker. C. Close up of a badly cankered plant showing 
the formation of secondary cankers on the branches. 

ties, Oklahoma, and near Stuttgart, Arkansas. The disease also appears to 
have been recently observed in Texas.^ 

According to the unpublished thesis of E. W. Brillhart, in the Botany 
and Plant Pathology Department at Oklahoma Agricultural and Mechanical 
College^ the first authentic record of this disease in Oklahoma is that re- 
ported by him from Perkins in 1931. The description and photographs in 
the thesis leave no doubt but that it is the same canker-producing disease that 
has been observed during the past two summers. Brillhart states that it 
may attack leaves, stems, pods, and seeds, but that the most conspicuous 

1 Dunlap, A, A. Some notes on newly observed or unusual diseases. IT. S. Dept. Agr. 
Plant Dis. Rptr. 27: 274. 1943. 

2 Brillhart, B. W . Bacterial canker of cowpeas. An unpublished thesis. Okla. A. 
and M. College. 1934. 
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symptom is the stem canker. He indicates that the causal organism is Bac- 
terium vignae, which he isolated from diseased leaves, seed, and cankers. 
He even isolated the bacterium from cankers that had overwintered in the 
field. Thus it would appear that the organism may overwinter in both the 
seed and the soil. Brillhart was able to produce typical leaf symptoms in 
the greenhouse with bacteria isolated from leaves, seed, and cankers of dis- 

TABLE l.—Bacierial canker of cowpeas. Number of diseased plants per three 100- 
foot row replicates. PerkinSj OMahoma, 1$4S 


Variety 

Replication 

Total 

1. Wood^s Sumptuous 

235 

433 

152 

820 

2. Columbia 

183 

39 

38 

260 

3. Early Eed 

90 

98 

33 

221 

4. Whippoorwill 

88 

31 

102 

221 

5. Dixie Queen 

36 

68 

70 

174 

6. Early Eamshorn Blackeye 

86 

17 

38 

141 

7. Giant Resistant Eamshorn Blackeye 

9 

65 

53 

127 

8. Clay 

4 

59 

28 

71 

9. Arlington 

8 

27 

' 22 

57 

10. Large Virginia Blackeye 

o 

29 

17 

48 

11. Chinese Eed 

4 

11 

29 

44 

12. Holstein 

15 

10 

13 

38 

13. Cream or White Crowder 

6 

9 

16 

31 

14. Blacks 

6 

7 

17 

30 

15. Eed Eipper 

5 

2 

14 

21 

16. Virginia Blackeye 

0 

11 

10 

21 

17. Blue Goose 

10 

4 

5 

19 

18. Eice or Lady 

16 

1 

2 

19 

19. Lady Edible Cowpea 

2 

4 

9 

15 

20. Groit 

2 

0 

5 

7 

21. Brown Crowder 

1 

0 

3 

4 

22. New Era 

0 

3 

’ 1 

4 

23. Braham 

0 

0 

3 

o 

24. White Browneye Crowder 

0 

0 

3 

3 

25. Brown or Sugar Crowder 

0 

0 

2 

2 

26. Potomac or Calico 

0 

0 

1 

1 

27. Speckled Crowder 

0 

1 

0 

1 

28. Buff or Iron 

0 

0 

0 

0 

29. Victor 

0 

0 

0 

0 


eased plants. The bacterium was reisolated from these inoculated plants. 
However, he does not specifically state that he was able to reproduce the 
cankers under greenhouse conditions. — ^Donald B. Hofpmastee, Oklahoma 
Agricultural Experiment Station, Stillwater, Oklahoma. 

Bibliography and Nomenclature of Puccinia oryzae . — This fungus, 
apparently a distinct race of Puccinia graminis P., is known only from 
limited areas in Spain and Italy^ where scant attention has been accorded 
it because under the peculiar ecological conditions and crop practices 
there encountered it is ordinarily not an economic menace. It has, how- 
ever, such destructive potentialities that plant quarantine measures against 
it elsewhere are abundantly justified. The chief references in scientific 
literature to this pathogen are unfortunately conspicuous only for their 

1 It is signifteant that what is doubtless this same fungus has been recorded also from 
Eoumania by O. Savulesco (p. 305) : MieromycStes trouv6s snr le riz en Eouraania— Acad. 
Eoumaine, Bull. Sect. Sei. 22 (no. 7) : 305-308. 1940. 
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bibliographic shortcomings. They are commented upon in chronological 
order, quoting the nomenclature employed in each instance as follows : 

1903. Briosi, G. Bassegna crittoganiica pel prime semestre 1903— in Bollet. Uffi. Minisf, 
d’Agr., Ind. e Comm. N.S. Anno II, 4: 83-95 fasc. 203 (Eome, Italy). — ^Briosi 
on pages 84-85 discusses the symptoms of the disease and the characteristics of 
the pathogen, which he calls “Pucoinia oryme’’ without, however, labeling it as 
a newly named species, omitting a technical description, yet, without reporting 
any previous observations of it. This particular contribution of Briosi^s was 
probably printed and distributed as a separate and it has most likely been con- 
fused, as will be pointed out further on, with another paper having a similar 
title, which did not contain any reference to his Puoeinia oryzae, namely* 
''Eassegna erittogamiea pel primo semestre 1903^^ in Att. 1st. Bot. Pavia 2 ser 
9: 323-339, (Milano) 1911. 

1908. Trotter, A. Plora Italica cryptogamiea Pt. 1, fasc. 4 (Uredinales), pp. 519. 

On p. 477 Trotter notes a ^‘Puccinia oryme^^ upon rice as ^^Eiso in Lombardia 
(Bibl. 263 1 sem. an. 1903).^^ He did not cite any author for the species 
although by his reference it should be Briosi. The citation involves difaculties 
since by ^'Bibl. 263^^ is meant no. 263 of Traverso’s Bibliography in PI Ital 
Orypt. Pt. IV, fasc. 1, which is: ^^263) 1886-1903— Briosi, G.— Eassegna crit- 
togamiche. Milano (in At. 1st. Bot. Pavia vol. I-VIII in 8°).^’ The article 
by Briosi for '^1 sem. an. 1903^' does not, however, appear in vols. I~VIII as 
indicated by Trotter but as cited above in Att. 1st. Bot. Pavia vol. 9, 1911. 
Although in the main duplicating information contained in the 1903 report by 
Briosi first cited above, it omits entirely any mention of Pucoinia ory^ae or of 
Pucoina graminis upon Orym, showing that Trotter failed to realize that the two 
papers by Briosi were not identical. 

1909. Sydow, P. & H. Monographia XJredinearum 1: pp. 972.— This monograph on p. 

695 records Orym sativa as one of the hosts for Puccima grammis P. but does 
not note P. oryme or any special rice form or variety of the parasite, nor does it 
cite Briosi ^s account. 

1915. Plorensa y Oondal, Jose. Sindicato de Eiegos del Delta del Ebro, la Infermedad 
del Arroz, Terragona pp. 32, ill. (abstr. in Mo. Bull. Agr. Intell. & PI. Bis Int 
Inst. Agr. (Eome) 6: 460-470, 1915 no. 3.) (abstr. in Techn. Eundschau 7: 
514-515, 1915).— This is a semi-popular account of the rust fungus here named 
Pmemia oryme (author not noted) in connection with a seriously diseased con- 
dition of rice in a rice-growing area of Spain. 

1918. Gonzales Pragoso, R. Bnumeragion y distribution de las IJredales . . . Iberica e 

Islas Baleares. Trabajos Mus. Nae. Cienc. Nat. Ser. Bot. Hum. 15: 5-267.— 
The fungus is here referred to (p. 39) as **Puccinia graminis P. f. oryme (Eisso) 
m Eass. critt. Padova 1 sem. an. 1903— Trotter, Tired, de la fl. ital. p. 477.^ ' The 
author had doubtless misunderstood the meaning of ^^riso,^^ the Italian word for 
rice, in Briosi ’s account, possibly confusing it with the name ^ ^ Eisso which he 
nught have taken to be a reference to Antoine Eisso (1777-1845) a botanist 
of an earlier period who appears to have had no connection whatever with the 
name of this fungus on rice. It is obvious that he also confused Padua with 
Pavia. 

1919. Oudemans, C. A. J. K, Enumeratio systematica Fungorum 1: pp. 1230. — On p. 

723 Pneeinia graminis P. is recorded as upon Orym sativa, citing in addition to 
the Sydow Monographia (l.c.) Persoon^s ^'Disp. meth.'^ 1797 and Persoon's 
bynops. 1801, although in neither of Persoon^s compendia is there any 
reference to Orym as a host for the species. 

1924. Gonzales Pragoso, E. Flora Iberica IJredales, pp. 424.— The rice fungus is here 
(p. 26) considered under the name ‘^Puccinia graminis P.>^ without further 
elaboration. 

1882-1931. Saceardo, P. A., et aZ.— Sylloge Fungorum vols. 1-25. A reasonably diligent 
search of the indexes to these 25 volumes has failed to reveal there any 
citation to this fungus as upon Orym, unless so noted under the abbrevia- 
•tion“etc.^^ 

The name Puccinia oryme having no technical description is clearly a 
nomen nudum, but as treated by Gonzales Fragoso (l.c., 1918) it would be 
valid as Puccinia graminis P. f. oryzae Frag.— William W. Diehl, Bureau 
of Plant Industry Station, Beltsville, Md. 


BACTERIAL WILT OP TOMATO CAUSED BY PHYTOMONAS 

SOLANACBAEUM^ 

E D W A E D K . Y A U G H A N 2 

(AcceiDted for publication August 16, 1943) 

INTRODUCTION 

Each season millions of tomato seedlings are shipped from the South to 
the Middle Atlantic and Middle Western States. Occasional fields set with 
these plants suffer severely from bacterial wilt infection. In some instances 
the disease develops soon after the plants are set out, while in other instances 
the plants appear to be quite healthy until as late as July or early August 
and then succumb to the disease. While representatives of the southern 
growers, the northern farmers, the canning companies, and the various 
experiment stations generally have agreed that the early-season infections 
take place in the South, there has been a great diversity of opinion concern- 
ing the infections that appeared later in the season. It seemed desirable, 
therefore, to determine (a) whether infected plants might appear to be 
perfectly healthy ; (b) whether apparently healthy plants might grow vigor- 
ously for several weeks and then succumb to an infection which had taken 
place during the early seedling stages; and (c) whether the organism, 
Phytomonas solanacearum (E.P.S.) Bergey et al., once established in North- 
ern soils, could survive the winter and infect subsequent crops of tomatoes 
grown on those soils. For the benefit of the southern grower it also seemed 
desirable to determine the influences of soil temperature, moisture, and 
hydrogen-ion concentration on infection by the wilt organism. 

HISTORICAL REVIEW 

Bacterial wilt of solanaceous plants was first noted by Burrill (1) in 
1890 and was described by Smith (10) in 1896. Since that time investiga- 
tors in many countries have endeavored to control the disease. Smith (11, 
12) suggested that infection could be reduced by controlling insect carriers 
of the disease, particularly the Colorado potato beetle, and that cultivation 
practices that would minimize root injury would help to prevent infection. 

1 The field data and a portion of the laboratory studies presented in this paper were 
conducted as a portion of cooperative investigations between the Division of Fruit and 
Vegetable Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engi- 
neering, U. S. Dept, of Agriculture, and the Georgia Coastal Plain Experiment Station, 
Georgia Agricultural Experiment Station, Georgia Dept, of Entomology, New Jersey Agri- 
cultural Experiment Station, and Indiana Agricultural Experiment Station. The work 
here reported is part of a thesis presented to the Faculty of the Graduate School of the 
University of Minnesota, in part-fulfillment of the requirements for the degree of Doctor 
of Philosophy; August, 1942. 

The writer wishes to express his sincere appreciation to Dr. S. P. Doolittle and Dr. 
W. D. Moore for invaluable advice in planning these investigations and for assistance in 
carrying on many phases of the work. He also wishes to thank Dr. S. A. Wingard, Dr. 
G. M. Shear, Dr." I. D. Wilson, Dr. E. C. Stakman, Dr. 0. J* Eide, and Betty V. Conner 
for assistance in preparing and editing the manuscript. 

2 Formerly Agent, Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, Soils and Agricultural Engineering, Agricultural Research Administration, 
U. S. Dept, of Agriculture. 
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Nakata (6) reported that in Japan Phytomonas solmiacearum grew only 
in soils with a reaction between pH 6.0 and 8.1, but Eddins (3) w^as able to 
obtain growth in culture on agars having reactions between pH 4.25 and 
8.71. He found also that the organism was present in Florida soils having 
reactions as low as pH 4.32. He was able to control the disease, however, 
by treating soils with sufficient inoculated sulphur to reduce the pH to 
between 3.5 and 4.0. 

Earle (2), van der Meer (4) and others have reported that an increase 
in the moisture content of infested soils results in an increased infection by 
P. solanacearmij although Nakata (6) found that there was a ‘^detrimental 
water content’’ of the soil which would kill the organism. Meier and Link 
(5) found that temperatures between 77° P. and 97° F. were optimum for 
the development of bacterial wilt, and that the disease is inhibited at tem- 
peratures below 55° F. 

METHODS AND MATERIALS 

Except when other methods are mentioned, all inoculations were made 
by removing the plants from the soil in which they were growing, washing 
the soil from the roots, and then soaking the roots in a suspension of the 
bacteria for 5 to 15 minutes, after which the plants were reset before the 
roots were dry. All cultures were kept on 1.8 per cent potato-dextrose agar, 
and two-day-old cultures were used for transferring to test media. Most 
suspensions for inoculating plants were made by growing the bacteria in 
potato-dextrose broth for two days, although such suspensions have no 
apparent advantage over water suspensions of bacteria from agar cultures. 

Before plants from the field or in the greenhouse were reported as being 
infected by Phytomonas solanaceanim the diagnosis was confirmed by micro- 
scopic examinations ; and, in many instances, also confirmed by isolating the 
organism and growing it in pure culture. 

Source of Phytomonas solanacearum Cultures 

The source of each culture used in these studies is shown in table 1. 
Because of the tendency, noted by Smith (12) and others, for Phytoinonas 
solanacearum to die in agar cultures, the different strains were maintained 
in plants growing in pots of sterilized soil. Even under these conditions the 
organism frequently died or lost its pathogenicity, so that new cultures had 
to be secured from time to time. Several other cultures were used, but only 
those mentioned in the text are listed in table 1. 


TABLE l.-^Bource of Phytomonas solanacearum cultures 


Number 

Place of collection 

Bate of collection 

Isolated by 

96 

New Brunswielc, N. J. 

August 8, 1938 

E. K. Vaughan 

98 

Freehold, N. J. 

August 17, 1938 

E. W. Geigel 

■ 98x 

Freehold, N. J. 

August 17, 1938 

E. W, Geigel 

103 

Moultrie, G-a. 

April 28, 1939 

E. K. Vaughan 

. ,151 ■ 

Tifton, Ga. 

" ■ ■ ■■■■■■' 1 

February, 1942 

"W. B. Moore 
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Selection of Apparently Healtliy Plants 
Practically all of the tomato plants shipped to northern states from the 
South are inspected at various times during the growing period by state 
certifying agencies or by representatives of the northern plant brokers. 
Fields in which bacterial wilt is found are rejected, and it is doubtful 
whether many plants showing visible symptoms of the disease are ever 
shipped. Certification regulations require an interval of two years between 
tomato crops, and no other solanaeeous crop may be grown during this 
period. Despite the precautions taken, a number of fields each year suffer 
from wilt infection, which cannot be traced to previous crops of susceptible 
plants. 


TABLE 2. — Development of 'bacterial wilt in tomato plants from infested and non- 
ijifested fields, when planted at New JBrunswic'k, New Jersey, in 1940 


Lot No. 

Number of 
plants set 

Number of plants showing 
symptoms of bacterial wilt 

Per cent 
infected 


June 4 

June 17 

July 30 

by wilt 

Infested 

field 





1 

26 

1 

1 

3.8 

2 

26 

1 

2 

7.6 

3 

24 

6 

20 

83.3 

4 

23 

7 

20 

86.9 

5 

26 

0 

0 

0.0 

6 

25 

2 

5 

20.0 

7 

24 

14 

21 

87.5 

8 

26 

4 

3 

11.4 

Total 

200 

37 

72 

36.0 

Non-inf ested 
field 





1 

23 

0 

0 

0.0 

2 

23 

0 

0 

0.0 

3 

25 

0 

0 

0.0 

4 

26 

0 

0 

0.0 

7 

26 

0 

0 

0.0 

8 

26 

0 

0 

0.0 

Total 

199 

0 

0 

0.0 


In 1939 the plants in several badly diseased fields in New Jersey and 
Delaware were traced to a definite field in the sonthern plant-growing area. 
This field had been carefully checked at the time the plants were pulled, and 
only an occasional wilted plant was found. The northern growers reported 
that the plants appeared to be in excellent condition when they were re- 
ceived, but that the disease appeared soon after they were set out. In the 
spring of 1940, experimental plantings were again made in the field under 
suspicion and also at the Georgia Coastal Experiment Station in soil in which 
there had not been any bacterial wilt. Apparently healthy plants were 
selected from both of these plantings and shipped to New Brunswick, New 
Jersey, where they were set in soil the history of which showed no record of 
bacterial-wilt infestation. Only the strongest, healthiest plants in each lot 
were transplanted and each received one-half pint of water at the time of 
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setting. As shown in table 2, most of the lots fTom the field where Phyto- 
monas solmiaceanim was known to occur suffered considerable losses because 
of the wilt. It is possible that the plants that developed wilt later in the 
season may have become infected from their diseased neighbors rather than 
in the southern plant field. Nevertheless, the early-season wilt, which could 
not have been contracted in the northern field, was of serious proportions. 

These results indicate : (a) that fields in which there is a considerable 
amount of wilt one season should not be used for tomato-plant production 
the following season; (b) that apparently healthy plants may carry the 
causal bacteria on their roots or that there is an incipient infection that can- 
not be detected, and (c) that it is unsafe to use plants from fields where the 
disease is known to occur, even though the plants appear to be free from 
infection. It is interesting to note that plants from the same seed source, 
shipped and handled by the same people and in the same manner, but grown 
in the experimental plots at Tifton, Georgia, did not develop bacterial wilt 
at any time during the season. 

OVERWINTERING OP PHYTOMONAS SOLANACEARUM IN THE SOIL 

Although it was known that Phytomonas solanacearum lives in the soil 
from one season to another in the Southern States, and although Smith (11) 
has reported that it can be frozen in liquid air for 20 hours and yet resume 
its motility wdien thawed, it has generally been assumed that the organism 
cannot survive the winters as far north as New Jersey. From time to time, 
however, there have been outbreaks of the disease that could not be at- 
tributed to infections contracted in the South. In 1939 an outbreak occurred 
in the experimental plots at NeAV Brunswuck, New Jersey, in the same place 
where the disease was knowui to have been present in 1938. Since the plants 
were southern grown it was not possible to state definitely that the organism 
had lived through the winter in the soil of the experimental plot. 

In order to determine whether the bacterial- wilt organism could survive 
the winter in the soils of New Jersey, 4 fields were selected for study. Near 
Riverton, a field was selected in which there had been heavy natural infes- 
tation in 1939. In fields at Old Bridge, Leesburg Prison Farm, and the New 
Jersey Agricultural Experiment Station, respectively, heavy infestations 
were induced by artificially inoculating tomato plants during the 1939 
season. 

The winter of 1939-40 was unusually severe, and it seemed unlikely that 
the bacteria would be able to survive if temperature is a limiting factor. In 
the spring of 1940 these 4 fields were set with Marglobe tomato plants growm 
from New Jersey certified seed in steam-sterilized (autoclaved) soil. Fre- 
quent observations revealed that all of the plants remained wilt-free until 
the soil temperature remained at or above 70° F. for several hours at a time. 
As soon as the soil was warm enough, wilt appeared in all 4 of the inf ested 
fields. Plants from the same source planted in autoclaved soil remained 
free from wilt throughout the season (Table 3). 
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TABLE 3. — Survival of Phytomonas solanaoearum in fields in New Jersey Ttnown to 
have been infested the previous season 


Location of field 


Per cent of plants 
wilted 


Old Bridge 

New Jersey Exp^t. Station 

Biverton ... 

Leesburg Prison Parm 

Autoclaved soil ... 



In 1941 southern-grown plants set in the experimental plots at New 
Brunswick again were severely damaged by bacterial wilt. At the Leesburg 
Prison Farm tomato seed was sown in the infested soil and a large percent- 
age of the plants produced contracted the disease. These results prove that 
Phytomonas solanacearum is capable of overwintering in the soil in most 
parts of New Jersey even during exceptionally severe winters and of infect- 
ing subsequent crops of susceptible plants. 

SPREAD OF PHYTOMONAS SOLANACEARUM IN THE FIELD 

Alternate rows of plants ivere inoculated in 1939 at the Leesburg Prison 
Farm, leaving every other row of plants uninoculated. All of the plants 
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Pig. 1. Overwintering and spread ot PhytoMonas soXanaceafum in a field at Lees- 
burg Prison Parm, Leesburg, New Jersey. Plants bypodermieally inoculated witb culture 
#96, July 1, 1939. O, liealtliy plants. X, wilted plants. 
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were left in the field during the winter and the soil was not cultivated or 
disturbed in any way. In the spring of 1940 the old plants were pulled up 
and replaced in each ease with a healthy seedling. 

When the first wilted plants were noticed in this field on July 22, most 
of them (19 out of 21) were found in the rows where the plants had been 
inoculated the previous season (Pig. 1). As the season advanced more and 
more wilt developed in the intervening rows until almost as many of the 
plants in these rows were infected as in the inoculated rows. The plants in 
only 3 rows were inoculated in 1939 and it is interesting to note that the 
plants in the three alternating rows adjacent to these were heavily invaded 
by the pathogen, while almost none of the plants in the rows that were at a 
greater distance from the inoculated ones developed the disease. The plants 
were set 4 x 4 feet apart and in most cases the organism did not attack plants 
more than 4 feet from the original place of infection. 

At New Brunswick, where only alternate rows of plants were inoculated 
m 1939, but where the usual plowing and cultivating operations were 
carried on, there was no difference in the amount of wilt infection that 
appeared in the various rows in 1940. All cultivating was parallel with the 
rows, and tomatoes planted in an adjacent plot in both 1940 and 1941 did 
not become infected, although plants in the inoculated plot only a few feet 
di Jant were severely attacked in both seasons. These limited observations 
indicate that Phytomonas solanacearum does not spread rapidly from plant 
to plant but is dependent almost entirely on the movement of infested soil 
or infected plant parts or drainage water from one section of a field to 
another. This is further substantiated by observations made in several com- 
mercml fields over a period of 4 years. Moreover, Thomas (14) noted that 
wilt infections that occurred in low sections of fields in Indiana could fre- 
quently be traced to infections in higher parts of the fields. Apparently 
heavy rams washed the soil from the vicinity of the wilted plants to the lower 
parts of the field. In such instances the parts of the field adjacent to the 
washed areas do not become infested, the infections developing only in the 
liooded areas. 

FACTORS INFLUENCING INFECTION BY PHYTOMONAS SOLANACEARUM 

Effect of Soil Temperature 

Repeated inoculation of potted plants in the greenhouse at the New 
Jersey Agricultural Experiment Station did not produce the disease. To 
determine whether this failure was due to low soil temperature, and to deter- 
mine the effect of soil temperature upon the development of bacterial wilt, 
the following experiments were carried on at the United States Bureau of 

Plant Industry Station, Beltsville, Maryland. 

On January 8, 1940, 3 series of 10 plants each were inoculated by dipping 
the roots in suspensions of bacteria or by injecting the suspensions into the 
stems of the tomato seedlings. The plants were then set in tanks of soil and 
leld at temperatures of 60, 70, 80, 90, and 100 degrees F. With the exeep- 
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tioii of one series no wilt developed in any of the series of inoculated plants 
when the soil temperature was less than 70° F., and very little wilt developed 
at that temperature. In general, the amount of infection and the rate at 
which the disease developed, increased with a rise of temperature above 
70° F. This general trend was noticeable, even in the plants inoculated 
hypodermically 2 inches above the surface of the soil (Fig. 2 and 3). 



'd 

4^ 

r-i 

03 

g 
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Fig. 2. Development of bacterial wilt in tomato plants inoculated by dipping the 
roots in a bacterial suspension and planted in soil held at various temperatures. Tests 
with 3 cultures. A. Culture Mo. 98. B. Culture Mo. 98»X. 0. Culture Mo. 103. Ten 
plants in each treatment. Mo wilt developed at 60° F, with any culture and none at 70° 
with culture 103. 


Another series of inoculations was made on February 29, 1940, by dip- 
ping the roots of tomato seedlings in a bacterial suspension. The 24 plants 
in each lot were set in tanks of soil kept at 70, 80, 90, 100, and 110 degrees P. 
Plants in soil held eontinnously at 110° P. did not grow well. As in the 
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previons experiments, however, the rate of wilt development increased with 
an increase in soil temperature above 70° P. (Pig. 4). 

Since the critical temperature for wilt development appeared to be about 
70° P., plants inoculated on March 28, 1940, by dipping the roots in a bacte- 
rial suspension were set in soil held at 60, 65, 70, 75, and 80 degrees F. While 
the percentage of infected plants (Pig. 5) was not so high as in the previous 
experiment, the results show that the amount of wilt infection increases with 



4^ 


§ 



Pig. 3. Development of bacterial wilt in tomato plants inoculated liypodermically and 
planted m soil held at various temperatures. T'est with 2 cultures. A. Culture No. 98, no 
wilt developed at 60° or 70° P. B. Culture No. 98--X. Ten plants in each treatment. 

increased soil temperatures above 70° P. Although no wilt developed in the 
plants growing in soils maintained at temperatures of 60° and 65° P., a 
small amount developed in those growing in soils maintained at 70° P. 
Above that temperature the amount of wilt increased rapidly. 

These results, which are similar to those of Meier and Link (4), were 
further substantiated by field observations. It was noted in the studies on 
overwintering of Phytomonas Bolanaceanm in New Jersey that no wilt 
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appeared on plants in any of the plots in 1940 until the temperature of the 
soil at a depth of 6 inches, as recorded by soil thermographs, had remained 
above 70° F. for several days. In traveling about the State in the spring 
and early summer frequent readings were made with a soil thermometer. 
In no ease was bacterial wilt observed in a locality where the soil tempera- 
ture at a depth of approximately 5 inches was less than 70° Fahrenheit. 

Since there was no manifestation of the disease when soil temperatures 
were low, it seemed desirable to determine whether infection did not take 
place at temperatures below 70° F., or whether infection occurred without 
producing the characteristic symptoms of the disease. One lot of tomato 
seedlings, inoculated by dipping the roots in a bacterial suspension, was 



Pig. 4. Development of ‘baeterial wilt in tomato plants inoculated by dipping the 
roots in a bacterial suspension and planting in soil kept at various temperatures. Culture 
No. 98. Twenty-four plants in each treatment. 

planted in sand and kept at 75° F., a temperature at which wilt developed 
readily, and another lot in sand was kept at approximately 55° F., a tem- 
perature too low for the development of the disease. After 3 days both lots 
were removed from the sand and the roots and the bases of the stems were 
washed in a 1 : 3000 solution of New Improved Ceresan for 3 minutes to kill 
any bacteria that might be adhering to the outside of the plant.^ After 
rinsing in sterile water, they were planted in steam-sterilized soil kept at a 
temperature of approximately 60° F, Sqme of the plants in each lot did not 
survive the Ceresan wash, but most of them soon recovered from it. As soon 
as the plants had recovered from the effects of the transplanting and the 
Ceresan wash, the temperature of the soil was raised to approximately 80° 

3 Previous tests had shown that this treatment gave 100 per cent disinfeetion of the 
root surface of plants taken directly from the soil. 
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P. and maintained at that point for 3 weeks. At the end of this period 
53 per cent of the plants that had been kept at 55° for 3 days following the 
inoculation had deTeloped the disease, compared with 78 per cent of those 
that had been kept at 75° for the same length of time. 

These results indicate that infection can occur at a temperature of 
approximately 55°, although infection may take place more readily at tem- 
peratures of 70° P. and above. It seems then that plants may become in- 
fected at comparatively low temperatures, but that the symptoms of the 
disease do not develop unless the soil temperature remains for several days 
at 70° P. or higher. 

Plants that had been inoculated and were severely wilted when growing 
in sand maintained at a temperature of approximately 80° ^h^ecovered’/ 



Days after inoculation 


Fig. 5. Development of bacterial wilt in tomato plants inoculated by dipx:)ing tlie 
roots in a bacterial suspension and planting in soil kept at various temperatures. Culture 
No. 98. Twenty-four plants in each treatment. No wilt developed at 60° or 65° F. 

when the temperature of the sand was lowered to approximately 55° P. for 
5 days. When the temperature of the sand was again raised to 80° the 
plants wilted very quickly, and when the temperature was again reduced 
to 55° they soon recovered.^’ This apparent recovery’’ took place from 
3 to 6 times in diiferent lots of plants before permanent wilting occurred. 
Infected plants in the field frequently appear to have recovered when ex- 
amined in the early morning, but wilt again during the heat of the after- 
noon. This recovery” may occur several times before the plant finally 
becomes permanently wilted. This wilting in the field probably is attribu- 
table in part to increased transpiration as the air temperature rises, but the 
phenomenon can be duplicated in the greenhouse by merely raising and 
loweidng the temperature of the soil. 
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Effect of Soil Moisture 

The literature on bacterial wilt contains many references (2, 11, 12, 14) 
to the fact that the disease causes greater damage in very moist soils than in 
drier, better drained soils. In order to gain more definite information on 
the effect of soil moisture upon infection by Phytomonas solanaceamm^ six 




Days after inoculation 

Fig, 6. Development of bacterial wilt in tomato seedlings inoculated by dipping the 
roots in a bacterial suspension and planting in auto-irrigator pots of soil maintained under 
different tensions. All pots kept at 84® F. Fifteen plants per treatment in the first test, 
10 in the second. 

auto-irrigation pots (8) were set up under each of the following tensions : 
133, 196, 260, and 473 cm. of water. For the greater tensions, columns of 
mercury were used in place of water because of the limited amount of avail- 
able space. Although the differences should have been greater, actual soil 
moisture determinations showed 21.26, 22.20, 18.48, and 16.40 per cent by 
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weight, respectively, at the beginning of the first inoculation test and 19.40, 
14.40, 13.33, and 10.52 per cent, respectively, at the end of the second test. 
The pots were kept at a temperature of 84° F. and the soil in all was as 
uniform as thorough screening and mixing could make it. Fifteen plants 
in the first test and 10 in the second were set in the soil immediately after 
being inoculated by root dipping and when the soil had been pressed firmly 
around the roots the surface of the soil was covered with about one-half inch 
of glass wool to prevent evaporation. 




n 




Days after inoculation, 

jFig. 7. Development of bacterial wilt in tomato plants inoculated by dipping tbe 
roots in a bacterial suspension and planting in auto-irrigator pots of soil maintained under 
different tensions. Pour tests. Pifteen plants per treatment. All pots kept at 84° P. 

The results of this test (Pig. 6) are interesting because they indicate that 
although bacterial wilt does develop more rapidly in moist soils it also may 
develop in comparatively dry soils, so that the ultimate damage may be 
equally as great in dry soils as in wet soils. 

In later experiments only two tensions weie used: 25 and 200 cm. of 
water. Determinations of the moisture content of the soil at the start of 
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the first inoculations were 38 and 18 per cent by weight, respectively, at the 
start of the third test they were 41 and 19 per cent, and at the end of the 
fourth test they were 36 and 16 per cent, respectively. Again the pots were 
maiiitained at a temperature of 84° F. ±; 1°. The results of these tests 
(Fig. 7) are in general agreement with those of the first tests. 

Because of the small numbers of plants in each test, it seems inadvisable 
to draw definite conclusions. There are indications, however, that while 
PJiytomonas solanacearum is able to cause infections most readily in fairly 
moist soils it also can cause infections in comparatively dry soils if the per- 
centage of moisture remains fairly constant. Where soils remain very dry, 
or are usually very dry except for short periods following rains, infection 
is not likely to occur. 

Effect of Hydrogen Ion Concentration on Growth of 
Phytomonas solanacearum 

Potato-dextrose agar was adjusted to various hydrogen-ion concentra- 
tions by the addition of HCl or NaOH to the autoclaved media, using a 


TABLE 4 . — Growth of Phytomonas solanacearum on potato-dextrose agar of various 
hydrogen-ion concentrations 


pH of medium 

Culture No. 98 

Culture No. 151 

4.1 

__ 


4.6 

- 

+ 

4.9 

+++ 

-H-f- 

5.4 

-H-h 

++++ 

6.0 

-H-H- 


6.6 

-H-H- 

+-HH + 

7.1 

-H-H- 

4-1 H + 

7.0 

-H-H- 

4-H-H- 

8.2 

-H-H- 

4-} I-IH- 

8.6 

4_H4- 

4-44++ 

8.9 

-HH- 

+4+ 

9.3 

-H- 

4+ 


- no growth -H- light growth -H4+ heavy growth 

+ very faint growth +4+ moderate growth -l+H-4- very heavy growth and 

the accumulation of bacteria 
at bottom of the streak 

potentiometer to determine the reactions obtained. Bacteria from two-day- 
old cultures were transferred to the media and readings were made after 
5 da^^s at room temperature (70° F.). Five tubes were used in each series, 
and the entire experiment was run in triplicate. The results of the 3 repli- 
cations were so consistent that the data from the third test (Table 4) may 
be taken as representative of the entire experiment. 

It is obvious that Phytomonas solanacearum grows, at least in vitro, over 
a wide range of H-ion concentrations. Almost no growth occurred below 
pH 5 and none below pH 4.6. It made excellent growth when the pti vras 
between 6.0 and 8.6 and developed when the pH was as high as 9.3. Its 
growth was not tested on media more alkaline than pH 9.3. 
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Tlie cultures on media of pH 4.1 and 4.6 were transferred after 10 days 
to potato-dextrose agar of pH 6.8. In some cases the bacteria that had been 
held at pH 4.6 resumed growth on the neutral medium, indicating that not 
all of them had been killed by the acid medium. None of the bacteria that 
had been at pH 4.1 resumed growth, indicating that all of them had been 
killed by the acid in the medium. These results are remarkably similar to 
those obtained by Eddins (3), working with strains of the organism isolated 
from potatoes in Florida. 

DISCUSSION 

From the data presented in this paper it is obvious that tomato seedlings 
from fields in which bacterial wilt is known to be present cannot be regarded 
as safe for use no matter how vigorous and free from disease they may 
appear to be. While it may be true that infections on seedlings are severe 
only in localized areas in a field and, while it is not likely that a major por- 
tion of the apparently healthy plants from such field will later succumb to 
the disease, there is no way of knowing which plants are infected and which 
are not. If plants wdth incipient infections die soon after planting, they 
cannot be successfully replaced, since a healthy plant set in the space for- 
merly occupied by a plant that died with bacterial wilt will usually contract 
the disease (6, 13). Thus the losses from bacterial wilt are likely to be com- 
plete and irreparable. It is necessary, therefore, to guard against setting 
infected plants. Since Phytomonas solmacearum can live over winter in 
the soil as far north as New Brunswick, New Jersey, it is doubly important 
to guard against the introduction of this organism into fields where it has 
not previously been known to occur. 

The delay in the appearance of bacterial wilt until mid-season, after 
plants have grown vigorously for several weeks, may result from low soil 
temperatures during extended periods of cloudy weather or from earlier 
periods of prolonged drouth during which the soil remained very dry for a 
considerable period of time. By mid-season the soil temperature wall have 
risen to 70° F. or higher, even in extended periods of cloudy weather. A 
few days of rainy weather w^ould then provide the requirements for the 
development of the disease. It is not inconceivable that plants with incipi- 
ent infections by Phytomonas solanacearum might remain apparently free 
from disease throughout the season and produce profitable crops of fruit if 
the proper sequence of climatic conditions prevails. 

Phytomonas solanaoearum ximdllj is spread extensively in the field 
through a transfer of infested soil or infected plant parts by cultivating 
tools or by the washing caused by heavy rains. Since the rate of spread due 
to ordinary cultivating operations appears to be very slow, there seems to be 
little danger of a rapid or general spread of the disease in the field by this 
means. , ■ ■■ " '' ■ 

Aside from securing disease-free plants and rotation of the crops there 
appears to be little that the northern grower can do to prevent or decrease 
the losses due to bacterial wilt. Any fertilizer which will produce vigorous, 
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profitable tomato plants will also provide plants in which the bacteria can 
thrive. Tomato plants grow best in soils having a reaction of pH 6.5 to 6.8, 
which is also very favorable for the development of bacterial wilt. Crop 
rotation, however, probably will rid the soil of the organism or at least will 
reduce the damage from it if non-susceptible crops are grown for several 
years. 

The problem of the southern plant grower is more vexing. The presence 
of local areas of infestation in a field does not necessarily mean that the 
entire field is infested, but there is no way of determining the extent of the 
infested areas in the few days between the discovery of the disease and the 
time w^hen the plants must be shipped. Since this is true the only safe 
course for the inspectors or buyers to follow is to reject the entire field. 
Should cool w’eather prevail throughout the brief growing period it would be 
impossible for the inspectors or the buyers to detect the presence of infection 
before the plants were shipped, and even the northern growers might not 
suspect presence of infection until after the plants had been set and perhaps 
grown for several weeks in the north. 

Like the northern grower, the southern plant grower is unable to control 
the disease by prophylactic measures or by the use of special types of fertil- 
izer. The margin of profit on his product per acre is so low that the appli- 
cation of large quantities of sulphur and lime to modify the pH of the soil 
sufficiently to kill the bacteria would not be profitable. Aside from crop 
rotation, which can reduce the incidence of bacterial wilt but will not pre- 
vent it, the only preventive practice that can.be follow^ed is a careful selec- 
tion of land on which to grow tomato plants. All low, poorly-drained soils 
should be avoided. Fields in which the disease is kno-wn to occur should 
not be used. Only well-drained fields in which the disease has not been 
known to occur should be used, and in these fields plantings should not be 
made in low spots or near streams or ponds. 

SUMMARY 

It often is not possible to distinguish non-infected tomato plants from 
those having incipient Phytomonas solanacearum infection until they are 
grown in moist, warm soil. 

The bacterial wilt organism can live over winter in soils at least as far 
north as central New Jersey. 

Apparently P. solanaceanmi in the soil does not spread readily except 
when infested soil is moved by cultivating tools or by floodwater. 

Infections may occur at soil temperatures as low as 55® P., but symp- 
toms of bacterial wilt ordmarily do not become apparent at temperatures 
of 55® to 60® F. From 70® to as high as 110® P. soil temperatures, the rate 
of development of the disease increases with an increase in temperature, 

A constant, but not necessarily a great, supply of soil moisture appears 
to be essential for the growth of P. solanacearum. 

The organism is able to grow^ over a wude range of hydrogen-ion concen- 


458 Phytopathology [Vol. 34 


tration. It is killed in potato-dextrose agar cultures at pH 4, makes very- 
little growth below pH 5, and grows best betw^een pH 6 and pH 8. 
Department op Biology, 

Virginia Polytechnic Institute, 

Blacksburg, Virginia. 
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SOME FACTORS INFLUENCING THE SOLUBILITY OF CUPROUS 
OXIDE IN RELATION TO ITS TOXICITY AS A 
FUNGICIDE^ 

E. A. Marten and J. G. Leach 
(Accepted for publication November 29, 1943) 

Copper has long been recognized as one of the most effective fungicides, 
and in some form it has found extensive use in the control of fungus dis- 
eases of plants. Copper sulphate, partly because of its high solubility in 
water, was for many years the compound most frequently used. In 1919 
Darnell-Smith and Ross (2) advocated the use of copper carbonate dust as 
a substitute for copper sulphate in treating wheat for the control of bunt. 
Copper carbonate, although highly insoluble in water, proved to be an effec- 
tive fungicide against bunt and was much less injurious to the seed than 
copper sulphate. This work focussed the attention of plant pathologists on 
the possible fungicidal value of other copper compounds of low solubility. 
In recent years several so-called 'insoluble” copper compounds have been 
found useful as fungicides. 

One of the more recently exploited 'insoluble’' copper compounds is 
cuprous oxide, which was demonstrated by Horsfall (5) and others, to have 
considerable value as a seed protectant in the control of pre-emergency 
damping-off. Although highly insoluble in pure water, cuprous oxide is 
sufficiently soluble in moist soil to have considerable fungicidal value. Its 
low solubility also makes it relatively less injurious to most seeds than the 
more soluble copper salts. Despite this fact it has proved toxic to some 
seeds, and is more toxic under some conditions than others. Although its 
variable toxicity to seeds has limited the value of cuprous oxide as a seed 
protectant, it is still a promising fungicide for use as a seed protectant and 
for spra^dng and dusting. 

Since the variability of cuprous oxide in both fungicidal value and in 
seed injury appeared to be associated with its degree of solubility under 
different conditions, it seemed desirable to know more about the factors influ- 
encing solubility. A review of the literature has failed to reveal any appre- 
ciable information bearing directly on the subject. Most of the work with 
cuprous oxide as a fungicide has been highly empirical with little attention 
being given to the problem of solubility in the soil in contact with germi- 
nating seeds or in close proximity to other plant tissues. 

The literature is replete with references to the mechanism of the libera- 
tion of copper from a number of ‘insoluble’' copper compounds, especially 
with respect to the copper in Bordeaux mixture. No attempt will be made 
to review all of these. Three hypotheses for the liberation of copper are 
quoted by McCallan (6) from the statement by Barker and Gimingham (1). 

1. The copper is brought into solution by atmospheric agents — more espe- 

^ 1 Published with the approval of the director of the West Virginia Agricultural Ex- 
periment Station as Scientific Paper No. 315. 
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eially by the action of carbon dioxide of the air, i.e.^ a purely chemical 
explanation. 

2. The leaves, on which the mixture is sprayed, exert a solvent action on 
the compounds, i.e., an action of the host plant. 

3. The fungus itself by its excretions is responsible for the production 
of the soluble eo]3per by which it is finally poisoned. 

McCallan and Wilcoxon (7) showed that the salts of hydroxy acids, such 
as malate and perhaps others, as well as of amino acids present in the spore 
excretions, act on Bordeaux mixture to form soluble toxic copper hydroxy 
and copper amino salts. While the foregoing hypotheses were intended 
especially to apply to Bordeaux mixture, the same might be applied with 
appropriate modifications to cuprous oxide when used as a dust in seed treat- 
ment. Thus, the carbon dioxide of the soil atmosphere might exert a dis- 
solving action, or the roots of the plant could give off products with a 
solubilizing effect, and lastly the fungus, in intimate contact with the dust- 
covered seed, might excrete a solvent for the liberation of sufficient copper 
by which the fungus is poisoned or inhibited. 

The explanation of the mechanism of solution of cuprous oxide when 
used in seed treatment is made more complicated by the fact that the com- 
pound comes in contact with the various constituents of the soil, which in 
itself is a heterogeneous mixture, and varies in composition from point to 
point and from soil to soil. Thus the chemical agents exerting an impor- 
tant solvent action at one place might be relatively unimportant at another. 

In the course of certain work concerned with another phase of this prob- 
lem it was observed that a sterile neutral medium containing peptone and 
yellow cuprous oxide became intensely blue after standing for a short time 
in the incubator. Since the effect was so striking, and as it oftei'ed a clue 
to the mechanism of solution of cuprous oxide and a plausible explanation 
for the immediate toxic effects that the compound shows as a fungicide in 
preventing damping-off*, this phenomenon was further investigated. Par- 
ticular emphasis was placed upon the importance of the nitrogenous products 
of protein decomposition in the solution of yellow cuprous oxide when used 
in seed treatment. 

ANALYTICAL METHODS 

Tests for the solubility of yellow cuprous oxide were made using water 
that had been doubly distilled from all-glass equipment. One hundred ml. 
of this water was put into a Pyrex flask together with 2 g. of yellow cuprous 
oxide, placed on a shaking machine, and agitated for 10 minutes each hour 
for one week. The oxide was then allowed to settle, whereupon the super- 
natant liquid was centrifuged 3 times for 15 minutes each at 3000 r.p.m. 
This triply centrifuged water was tested (method 2) and found to contain 
from 0.6 to 0.8 p.p.m. of copper. When ordinary laboratory distilled water 
was used and treated in the same way, as much as 1 to 2 p.p.m. of copper was 
found present. Methods used for the estimation of copper: 
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1. Whenever the amount of copper in solution was between 100 and 800 
p.p.m. the solutions were analyzed directly, but if they exceeded the upper- 
limit they were diluted so as to fall within this range. Four ml. of the 
copper solution was mixed with 1 ml. of concentrated ammonium hydroxide. 
The intensity of color of the resulting blue solution was determined with a 
Fischer Electrophotometer, using the A. filter. Reference of the reading 
to a standard curve gave the amount of copper in solution, The solutions 
used in constructing the standard curve were prepared by dissolving weighed 
amounts of pure copper sulphate (CuSOi • SHaO) in water containing 1.0 
per cent and 0.1 per cent of glycine. 

2. The principle of the Biazzo method as modified by Elvehjem and 
Lindow (3) was employed for solutions containing, less than 100 p.p.m. of 
copper. The neutral solution of copper was diluted so as to contain from 
2 to 20 p.p.m. of copper. Ten ml. of this solution was placed in test tubes 
of uniform diameter. The following reagents were added, shaking after 
each addition: 1 ml. of glacial acetic acid; 1 ml. of 10 per cent potassium 
thiocyanate solution; 5 drops of freshly distilled pyridine, and 5 ml. of 
chloroform. The tubes were allowed to stand until the chloroform layer 
became clear. The yellow color of the chloroform layer was compared with 
that obtained in a set of standard tubes prepared in the same way. When 
the amount of copper was less than 2 p.p.m. the color was determined with 
a Keufel and Esser color analyzer using the wave length 450 m/w to obtain 
the readings. The color was compared with that of a standard copper solu- 
tion similarly treated. 

3, Qualitative tests for copper were made by adding 3 to 5 drops of a 
5 per cent solution of a-benzoin oxime in 95 per cent alcohol to 5 ml. of the 
sample solution. The formation of a yellow color showed the presence of 
copper. 

Influence of Certain Nitrogenous Compounds on Solubility of 
Cuprous Oxide 

In order to determine the solvent action of nitrogenous substances on 
cuprous oxide gelatin, peptone, glycine, aspartic acid, asparagine, arginine, 
and cystine were tested. The materials were dissolved in distilled water in 
the concentrations indicated in table 1. An excess of yellow cuprous oxide 
was added to the flasks. These were then stoppered and placed on a shaking 
machine, which agitated the liquids for 10 minutes every hour during 7 days 
at a temperature of 25° C. The amounts of copper brought into solution by 
these materials are shown in table 1. 

The data show that the hydrolyzed protein and pure amino acids, which 
were soluble in water, dissolved the cuprous oxide readily, and that this was 
accomplished by very dilute solutions of these chemicals. By way of con- 
trast, the relatively unhydrolyzed protein gelatin, when used in the same 
concentrations, produced comparatively little effect. 

In order to determine the effect of the products of bacterial decompo- 
sition of gelatin the following experiment was performed. Coarse white 
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TABLE 1 , — The solvent action of certain protein derivatives on cuprotis oxide 


Material 

Concentration 

Copper in solution 


Grams per 100 cc. 

p»p.m. 

Blank 


0.6 to 0.8 

Gelatin 

0.01 

2 

( i 

0.10 

10 

( i 

1.00 

125 

Peptone 

0.01 

2 

i ( 

0.10 

100 

a 

1.00 

925 

Glycine 

0.001 

7 

a 

0.01 

50 

a 

0.10 

550 

it 

1.00 

2200 

Asoartic acid 

0.10 

370 

Asparagine 

0.10 

220 

Arginine 

0.10 

185 

Oystine 

Saturated soPn. 

45 


sand was mixed with, two per cent of gelatin. Fifteen grains of this mix- 
ture was placed in a 250-ml. flask and sterilized. Four ml. of a water sus- 
pension of bacteria was mixed with the sand, and the cultures were incu- 
bated at 27° C. for 1 week. Then 0.1 g. of yellow cuprous oxide was added 
to each flask and mixed with the sand. This was allowed to stand for 1 day 
at 27° C. after which 5 ml. of water was added and the whole allowed to 
stand with frequent shaking for one hour. The liquid was poured from the 
sand and centrifuged 3 times for 15 minutes each at 3000 r.p.m. The clear 
supernatant liquid was tested qualitatively for copper, using a 5 per cent 
■alcoholic solution of a-benzoin oxime as a test reagent. The results are given 
in table 2. In those flasks inoculated with proteolytic bacteria a greater 
amount of copper was brought into solution than in those inoculated with 
the non-proteolytic Escherichia coli, or in the control flasks. 

Further evidence that the products resulting from the bacterial decompo- 
sition of proteins are factors in the solution of yellow cuprous oxide, was 
obtained by placing cubes of hard-boiled egg white weighing 1 g. in 10 ml. 
of sterile distilled water in flasks inoculated with a water suspension of bac- 
teria and incubated for 3 days at 37° C. After this, the solutions were 
Altered through paper and yellow cuprous oxide added to the filtrate in a 
flask. A drop of toluene was added to each flask to prevent further growth 


TABLE 2 . — The relative solvent action of the products of bacterial decomposition 
of g claim 


Bacteria used 

Solvent indexa 

None 

1 

Escherichia coU 

1 ' ' ' 

Bacillus mesentericus ... 

. ' . 6 

Bacillus subtilis .. 

5 ■' 

Broteus vulgaris 

' 3 '.. 

Bacteria from garden soil . 

, 4 . . 


^ Based on the relative inteixsity of the color produced by the a-benzoin-oxime test. 
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of the organisms. After standing for 24 hours at 25° C. the solutions were 
cleared by centrifuging them 3 times for 15 minutes each at 3000 r.p.m. 
The clear solutions were tested for copper. 

Eight p.p.m. of copper were found in the solution containing egg white 
alone. When the non-proteolytic bacterium Esoherichia coli was added, 
only a slight increase of copper in solution was noted, but when proteolytic 
species were used the amount of copper was increased as follows*. Proieios 
vulgc(''^is, 380 p.p.m., and Bacillus siibtilis, 670 p.p.m. 

The results of this experiment show again that the products of protein 
decomposition are active agents in dissolving cuprous oxide. A method 
employing an entirely different principle demonstrated the solubility of 
cuprous oxide and a probable mechanism by which copper becomes effective 
as a fungicide when employed in seed treatment. A 4 per cent solution of 
the best grade of agar-agar was drawn into a glass tube with an internal 
diameter of 0.25 in. and allowed to solidify. The cylinder of agar was 
pushed from the tube into a beaker of distilled water, in which the agar was 
dialyzed for 24 hours wuth frequent changes of the water. Thereafter, the 

: TABLE 3 . — The solubility of cuprous oxide in several sul)strates as indicated by the 

' absorption of copper by agar cylinders 


: 


a Based on relative intensity of the color produced by the a-henzoin-oxinie test. iii 

I 

cylinder was cut into l-in.-long sections, the free water removed between if 

pieces of filter paper, rolled in finely powdered dry copper oxide and then *4 

imbedded in sand or other test material, moistened and allowed to stand for | 

48 hours. The cylinders were then removed, washed in distilled water to 

remove sand, dirt, and excess copper oxide, dried between filter paper, and j 

split lengthwise, thus giving 2 sections, with a broad surface throughout the 

length of the cylinder. The sections were flooded with a 5 per cent alcoholic 

solution of a-benzoin oxime, w^hereupon a greenish yellow coloration ap- 

peared, the intensity of which indicated the amount of copper absorbed by ij 

the cylinder. The data show that the composition of the soil and soil-water | 

affect the liberation of copper (Table 3), Only a small amount of copper \ 

is put into solution by distilled water itself, however, a greater amount is 

liberated when organic matter of nitrogenous composition is present. This 

is especially true if the nitrogenous organic matter is an amino acid. 

In order for a fungicide to be effective in preventing damping-off, it must I 

go into solution rapidly enough to affect the pathogen before it has time to 
attack the host plant. In the case of rapidly germinating seeds, copper 
must be liberated shortly after the seeds have been planted, for the protee- 



Substrate 


Solvent indexa 


Control agar cylinder 

Water saturated with CuoO. Excess of CuoO on bottom of flask 

White sand 

Potting soil 

Sand moistened with 0.1% glycine water 

Sand moistened with 1.0% glycine water 
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tive influence of the fungicide must exert itself as soon as the seed begins 
to sprout. In the short time required between planting and germination, 
some mechanism other than mere solution by water alone must be active to 
liberate sufficient copper. 

Since the products of protein hydrolysis dissolved cuprous oxide, the 
following experiment was conducted to determine the speed with which the 
copper was released. One-half gram of cuprous oxide was added to 500 ml. 
of 0.1 and 0.01 per cent solutions of glycine at 25° C. and the mixture shaken 
frequently during the test period. At specified times samples were removed, 
clarified by centrifuging, and the amount of copper in solution determined. 
The results are given in table 4 from which it is evident that large amounts 
of copper are put into solution within a period of time, sufficiently short to 
make the toxic element available in effective concentration around the seed 
upon its emergence. 


TABLE 4 . — The rate of solution of cuprous oxide in glycine solutions 


0.1 per cent glycine 

0.01 per cent glycine 

Time of action 

Copper 

Time of action 

Copper 

hr. 

p.p.m. 

hr. 

p.p.m. 

0 

0 

0 

0 


75 


15 

3 

105 

li 

25 

17 

210 


50 

24 

280 

5 

55 



24 

75 


The results of these experiments show that the nitrogenous products of 
protein decomposition are active in the rapid solution of cuprous oxide. It 
is not suggested that this is the only or main mechanism of solution, but it 
does seem possible that this factor may play an important role in the action 
of cuprous oxide in controlling damping-off. The oxide-coated seeds lie for 
some time in moistened soil. The latter contains a mixture of protein in 
various stages of decomposition. These highly active reagents quickly liber- 
ate sufficient copper to protect the seedlings from attack by the fungus. 
It is also probable that this solvent action, by releasing too much copper, may 
account for the seed injury sometimes obtained with copper oxide. 

The Toxicity of Copper Brought into Solution by Certain 
Nitrogenous Compounds 

Increased solubility does not necessarily imply correspondingly greater 
toxicity. Heuberger and Horsfall (4) have shown that materials contain- 
ing considerable amounts of protein, such as derris powder, pyrethrum 
powder, soya flour, and alfalfa meal, reduced the fungicidal value of copper 
compounds. These authors suggested that this action is most likely brought 
about by a reaction between the toxic copper and the protein, which reduces 
the amount of the toxic copper available to the spores. It seemed desirable, 
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therefore, to investigate the toxicity of the copper solution resulting from the 
action of these nitrogenous substances on cuprous oxide. 

Methods and Materials. A master copper solution was prepared by 
dissolving a weighed amount of copper sulphate (CUSO 4 * 5 H 2 O) in water 
containing the desired eoncentration of glycine or other test substances. 
This solution was neutralized to a pH of 6.2. Another stock solution was 
prepared by dissolving a weighed amount of yellow cuprous oxide in water 
containing either glycine or peptone and neutralizing this to a pH of 6.2. 
Dilutions of the master solutions (giving the desired concentration of cop- 
per), were prepared as required. Subsequent experiments showed that the 
copper -was of the same toxicity from either master solution, indicating that 


TABLE 5. — The effect of different amounts of gelatin, peptone, and glycine on the 
toxicity of copper solutions as indicated hy the relative growth of Pythiiim 


Composition of test medium 

Copper 

Belatire growth 
of Pythium^ 

Basal medium in water 

p.p^m. 

0.0 

4 

C C i C (C(C 

0.3 

4 

ii i ( i i ( c 

0.5 


+ 0 . 1 % gelatin 

1.0 

4 

a a tilt ( < i ( a 

2.0 


“ “ peptone 

5.0 

4 

u it a a Hit i i 

7.0 

>_ 

a li cc ic (1 ( { glycine 

7.0 

4 

i { a i ( a i ( i ( '( c 

10.0 

2 

i i i c ( ( ( i Hit a 

12.0 

- 

‘‘ 1 . 0 % gelatin 

5.0 

4 

H i ( i i i i Hit i i 

7.0 

— 

a n peptone 

60.0 

4 

t i a t ( a a i { it 

80.0 

9 

a a a it a a it 

100.0 

_ 

a a a a H it glyeine 

a it it it Hit ''it 

200.0 

4 

225.0 

3 

a a a t i a a it 

250.0 

- 


a 4 = Good growth. 
" = No growth. 


toxicity is a function of the copper ion rather than the copper compound 
from which it is obtained. 

The basic nutrient consisted of a solution prepared by adding 1 g. of 
potato-dextrose agar (Difco) and 0.1 g. of peptone to 20 ml. of distilled 
water. This was allowed to stand with frequent shaking for 2 hours at 
room temperature, then filtered. The solution was sterilized and 0.2 ml. of 
it was added to 10 ml. of the sterile copper-containing test solution. This 
procedure was employed in order to reduce decomposition of the nutrients 
to a minimum. 

The test organism was a laboratory strain of Pythium deharyaniim, 
which caused active damping-off of spinach and other seedlings. The fungus 
was grown in the basic medium for 5 days. Small pieces of mycelium were 
added to 10 ml. of test solution contained in a 250-ml. Erlenmeyer flask. 
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The flasks were incubated at 21° C. for 5 to 7 days and then examined for 
the amount of growth. 

Experimental BesuUs, The effect of gelatin, peptone, and glycine upon 
the toxicity of copper to Pythium is recorded in tables 5 and 6. In the ex- 
periment reported in table 5 the growth of Pythium was estimated. In the 
one reported in table 6 growth was measured by determining the dry -weight 
of mycelium formed. These results show that the threshold of toxicity was 
between 0.3 and 0,5 p.p.m. in a solution containing only the basic nutrients. 
Upon the addition of gelatin, peptone, and glycine, the tolerance for copper 
increased. The reduction of toxicity Varied with the kind and amount of 


TABLE 6 . — The effect of different amonnts of gelatin, peptone, and glycine on the 
toxicity of copper sohitions as indicated hy the dry weight of 'mycelium formed hy 
Pythium 


Composition of test medium 

Copper 

Dry wt. of 
mycelium 







p.p.m. 

mg. 

Basal medium in 

water 



0.0 

6.5 

i c 

c c 

i c 

£ £ 



0.3 

5.1 

( { 

( c 

( ( 

£ ( 

+ 0.1% gelatin 

0.0 

15.5 

< c 

i ( 

( ( 

£ ( 

££ ££ 

£ £ 

0.5 

7.8 

i C 

(i 

( ( 

£ i 

£ £ ££ 

£ £ 

1.0 

9.1 

i i 

i c 

( c 

£ £ 

1.0% 

£ £ 

0.0 

15.1 

i c 

i { 

c c 

£ £ 

££ ££ 

££ 

3.0 

13.5 

( c 

i ( 

( i 

£ £ 

££ ££ 

£ £ 

5.0 

14.1 

i i 

i i 

( i 

£ £ 

0.1% peptone 

0.0 

13.1 

i c 

( ( 

( c 

£ £ 

££ ££ 

£ £ 

1.0 

9.9 

c i 

{ ( 

i i 

£ £ 

££ £ £ 

£ £ 

3.0 

7.7 

( c 

( c 

1 c 

£ £ 

1.0% 

£ £ 

0.0 

26.0 

i c 

C ( 

C i 

£ £ 

££ ££ 

£ £ 

40.0 

18.3 

( c 

C ( 

i c 

£ £ 

££ £ £ 

£ £ 

60.0 

20.1 

( ( 

( ( 

i c 

£ £ 

0.1% glycine 

0.0 

11.8 

t c 

t i 

i i 

£ £ 

i£ £( 

£ £ 

3.0 

7.5 

i c 

i 1 

i c 

£ £ 

££ ££ 

£ £ 

5.0 

6.5 

{ c 

i ( 

t i 

£ £ 

1.0% 

£ £ 

0.0 

11.1 

i c 

i t 

( e 

£ £ 

££ ££ 

££ 

150.0 

5.9 

i c 

c c 

( c 

£ £ 

££ ££ 

££ 

200.0 

6.9 


nitrogenous substance added to the medium. The depression of the toxic 
action was least pronounced in the ease of gelatin, a slightly hydrolyzed 
protein, and progressively more in the case of peptone and glycine, both of 
which result from the extensive hydrolysis of proteins. Furthermore, the 
neutralizing influence increased with an increase in the concentration of test 
material. 

An estimate of the toxicity-depressing effect can be obtained from table 7. 
"Whereas the threshold of toxicity in the basal medium alone was between 
0.3 and 0.5 p.p.m. of copper, the addition of 0.5 per cent of glycine permitted 
the growth of the fungus in only slightly diminished amounts until a concen- 
tration of 100 to 110 p.p.m. was reached, after which growth ceased. 

In order to determine the amount of glycine necessary to neutralize the 
toxicity of a given amount of copper an experiment was conducted wherein 
the amount of copper in solution was kept constant and the amount of 
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TABLE 7. — The effect of O.S per cent glycine on the toxicity of different concen- 
trations of copper as indicated hy the dry weight of mycelium formed hy Pythium 


Composition of test medium 

Copper 

Dry wt. of 
myceliuma 


p.p.m. 

mg. 

Basal medium 

0.0 

j 7.0 

i ( ic 

0.3 

1 7.2 

( ( i c 

0.5 

1.2 

+ 0.5% glyeine 

0.0 

10.8 

i ( i ( 1 i i i it 

60.0 

9.3 

C C it ttii it 

80.0 

I 8.4 

it it it it it 

100.0 

' . 9.5 

^ it it 1 1 i i it 

110.0 

! 


a The weight of the combined mycelium from three replicate flasks. 


glycine progressively increased. The results are given in table 8. The data 
show that from 0.5 to 0.6 per cent of glycine were required to overcome the 
toxicity of 100 p.p.m. of copper. 

It has been shown that dilute solutions of glycine dissolved many times 
as much cuprous oxide as was dissolved by distilled water. The question 
arises as to what extent a given amount of glycine would reduce the toxicity 
of the copper that it put into solution. The data in table 9 show the rela- 
tionship between the dissolving power of glycine and the toxicity of the 
copper-glycine complex. From the table it may be seen that the copper- 
glycine complex is toxic in concentrations far below the total amount of 
copper that is put into solution by glycine. In order to be toxic approxi- 
mately 500 times as much copper is required when 1 per cent of glycine is 
present as is necessary in the basal medium alone. 

These results confirm the conclusions of Heuberger and Horsfall (4) that 
nitrogenous compounds may reduce the fungicidal value of copper com- 
pounds. This is true, however, only when an excess of the materials is 
present. Smaller quantities may actually increase the toxicity by increas- 
ing the solubility of the copper compound. It is not known definitely in 
what w"ay excess nitrogenous compounds decrease the toxicity of the copper, 

TABLE 8 . — The amount of glycine required to neutralize the toxicity of a 100 p.p.m. 


solution of copper as indicated hy the relative growth of Pythium 



a 4 = Good growtli. 
“- = No growth. 
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but it is probably due to reduced ionization of new compounds formed by the 
interaction of the two materials. 

Nikitin and Anderson (8) studied the effect of various protein-contain- 
ing* supplements on the adherence and activation of fixed copper fungicides. 
Their results showed that the magnitude and tenacity of the spray residue 
are considerably increased by supplements containing proteins. Further- 
more, these supplements exert a dissolving action on fixed copper fungicides. 
However, no studies 'were reported on the toxicity of the copper put into 
solution by the proteins. Since these findings (with respect to the solution 
of copper) were in line with those of the writers when using cuprous oxide, 
a study was made of the dissolving effect of soya-bean flour under specific 
conditions and the toxicity of the resulting solution. 

One gram of finely ground soya-bean flour was mixed with 100 ml. of 
distilled water. This was allow^ed to stand in the ice box with frequent 

TABLE 9 . — The relationsMp hetween the dissolving power of glycine and the tox- 
icUy of the copper-glycine complex 


Concentration of glycine 


% 


Copper dissolved 


p.p.m. 


Threshold of toxieitya 


Cu p.p.m. 


0.000 

0.001 

0.010 

0.100 

0.500 

1.000 


0.8 

7.0 

50.0 

550.0 

1800.0 

3200.0 


0.3 to 0.5 

0.3 to 0.5 

0.5 to 0.6 

0.8 to 1.0 

90 to 100 
225 to 250 


a ^ ^ Threshold of toxicity ^ ^ means the smallest amount of copper required to inhibit 
the growth of PytJmim, 

shaking for 48 hours. Thereafter, the liquid was filtered through paper and 
further clarified by centrifuging. An excess of washed Bordeaux-mixture 
precipitate was added to the soya-bean extract and allowed to stand with 
frequent shaking at 20"^ C. for 48 hours. The mixture was clarified by 
centrifuging and filtering. A control, using water and Bordeaux mixture, 
w^'as treated in the same way. The resulting solutions were tested for copper 
and for their toxicity toward Pythium delaryanum. 

Copper was not detected in the water control, while the soya-bean-exti'act 
sample contained 220 p.p.m. of copper. The control solution was not toxic, 
whereas the soya-bean-extract preparation was completely toxic in a dilu- 
tion of 1:400, but permitted growth in a dilution of 1 : 450. The amount 
copper in the highest dilution of soya-bean-eopper solution wms approxi- 
mately 0.5 p.p.m., thereby indicating that the toxicity of this soluble copper 
complex is of essentially the same magnitude as that of the copper from 
inorganic sources, such as copper sulphate. 

Experiments were conducted to determine the effect of soya-bean flour 
on the solution of yellow cuprous oxide and to test the toxicity of the copper 
solutions so obtained. A 1 per cent suspension of soya-bean meal wus dis- 
persed in 100 ml. of water. An excess of yellow cupi'ous oxide was added 
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to tlie mixture, wliieh was allowed to stand, with frequent shaking, for 4 
days at 10° C. The resulting solution was clarified by filtering and centri- 
fuging. Analysis of this solution showed that it contained 125 p.p.m. of 
copper. Pi/t/iiitm did not grow in this solution when tested 

in the usual way. Furthermore, the solution, upon dilution with distilled 
w^'ater, prevented growth of the fungus at a concentration of 0.6 p.p.m. of 
copper. When fresh soybean meal 'was added to the clarified solution a 
reduction in toxicity occurred. The threshold of toxicity rose to 2 to 3 
p.p.m. when 0.1 per cent of meal was added, and complete loss of toxicity 
resulted when 1 per cent was used. 

Thus it was shown that soya-bean jfiour is capable of activating the copper 
of cuprous oxide in far greater quantities than the minimum necessary for 
a toxic concentration. Some of the liberated copper is unquestionably 
bound by the soya-bean flour, however, the amount liberated is greater than 
the minimum amount necessary for the inhibition of growth of the fungus, 
so long as an excess of active soya-bean is not present. The addition of an 
excess of soya-bean flour to a solution containing copper reduces its toxicity. 
This fact should be kept in mind when using protein-containing supplements 
with copper fungicides, as suggested by Nikitin and Anderson (8). 

SUMMARY 

A study has been made of certain factors influencing the solubility and 
toxicity of cuprous oxide using Pythkim debaryanum as a test organism. 

Growth of P. debaryanum in a standard liquid medium was inhibited by 
cuprous oxide at a concentration of 0.3 to 0.5 p.p.m. of copper in solution. 
As much as 0.6 to 0.8 p.p.m. of copper was brought into solution by pro- 
longed action of doubly distilled water. Ordinary laboratory distilled water 
dissolved from 1 to 2 p.p.m. 

The solubility of cuprous oxide is greatly increased by glycine and other 
nitrogenous products of protein decomposition. As much as 2200 p.p.m. 
was liberated by the addition of 1 per cent glycine. The copper liberated 
by these nitrogenous compounds is equally as toxic as the copper dissolved 
in distilled water provided no excess of nitrogenous compounds is present. 
However, the threshold of toxicity in p.p.m. is greatly increased when an 
excess of these compounds is present, 1 per cent glycine raising the toxicity 
threshold from 0.3 p.p.m. to 225 p.p.m. 

Soya-bean flour increased the solubility of cuprous oxide, a 1 per cent 
suspension dissolving 125 p.p.m. The copper dissolved by soya-bean flour 
inhibited growth of P. debaryanum when diluted to 0.6 p.p.m. but when 
0.1 per cent of soybean meal was added to the diluted solution the threshold 
of toxicity was increased to 2 to 3 p.p.m. and toxicity w’-as completely lost 
by the addition of 1 per cent soya-bean flour. 

Because nitrogenous products of bacterial decomposition are known to be 
present in varying amounts in arable soils, it is very probable that they 
influence the solubility of cuprous oxide used as a seed protectant. They 
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may account for some of the variability in seed protection and seed injury 
experienced with cuprous oxide. 

In as mueh as the influence of nitrogenous compounds on the toxicity of 
copper fungicides depends, not only upon the nature of the compound, but 
also on the ratio between the two substances, caution must be used in evalu- 
ating supplements containing proteins. Excess of protein supplements may 
decrease the toxicity of copper fungicides, while smaller amounts may, by 
increasing the solubility of copper compounds, increase their fungicidal 
value. 

Agricultural Experiment Station, 

Morgantown, West Virginia. 
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VARIATION IN SYMPTOMS PRODUCED BY ISOLATES OP 
PHYTOMONAS MEDICAGINIS VAR. PHASEOLICOLA 

J. H . Jensen and J. E. Livingston^ 

(Accepted for publication January 20, 1944) 

INTRODUCTION 

In greenhouse halo-blight-resistance tests, inoculated bean leaves were 
observed on which necrotic halo-less lesions appeared, occasionally in addi- 
tion to lesions with characteristic halos. Since the inoculations were carried 
out with an intentional mixture of several isolates and, since the 2 types of 
lesions sometimes appeared side by side on the same leaf, it seemed probable 
that the atypical ones might have resulted from infection with certain strains 
of the bacterium rather than because of temperature or varietal reaction. 

It has been noted by several investigators that symptom variations in 
halo blight occur. Burkholder (1) noted that halos are never produced 
around the small, necrotic leaf lesions when infection takes place in the hot 
days of July or August. Goss (3) demonstrated that only halo-less lesions 
appeared at 28° and 32° C. on leaves of Red Kidney and U.S. No. 5 Refugee, 
w^hereas typical halos surrounded lesions on leaves of plants of these two 
varieties held at 16°, 22°, and 24° C. More recently (4) it was shown that 
in certain varieties, Mexican Red, Schwert, and others, only small, necrotic 
halo-less lesions were produced under a wide range of temperatures (16°- 
28°) and at all ages of growth, whereas Red Kidney and Bountiful plants 
inoculated at the same time with the same inoculum produced lesions with 
characteristic halos at 16° and 22°. 

In preliminary tests with 6 isolates it was observed that at least 2 isolates 
regularly produced some leaf lesions that lacked the characteristic halos. 
Further tests with isolates from several parts of the United States, as well 
as other isolates from Nebraska, show^ed conclusively that in addition to the 
variation in halo production a rather wide range of symptoms is produced 
by isolates of Phytomonas medicaginis var. phaseoUcola (Burkh.). A de- 
scription of the range of these symptoms with various inoculation methods 
on Red Kidney beans and a summary of the physiological studies with these 
isolates on artificial media are presented in this paper. 


MATERIALS AND METHODS 

The 13 isolates of Phytomonas medicaginis wslt. phaseoUcola Burkh. used 
in these studies were obtained from naturally infected field-grown beans 
from various localities including Wisconsin, Montana, Louisiana, and Ne- 
braska. Since the isolates had been in culture on artificial media for lengths 
of time varying from several weeks to several years, it seemed desirable to 
attempt to eliminate the possible variations due to age-of -culture elfect. 

1 Published with the approval of the Director as Paper No. 349 Journal Series, 
Nebraska Agricultural Experiment Station. 
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Aecordingiy, all isolates were inoculated by needle puncture into stems of 
young*, healthy Red Kidney plants whence they were isolated after a period 
of several weeks. All studies reported here were carried out with the reiso- 
iates, whose pathogenic characteristics were identical with the original 
isolates. 

Single-cell isolations of the bacteria were not attempted. All stock cul- 
tures were obtained from isolated single colonies on plates poured with high 
dilutions. That striking differences were obtained by cultures from isolated 
single colonies indicates that similar differences might be found when work- 
ing with colonies grown from single bacterial cells. 

Stock cultures were maintained on bean-decoction agar consisting of the 
boiled decoction of 200 g. of bean leaves made up to a liter of 2 per cent 
agar. Physiological studies W'Cre carried out on media made up according 
to standards adopted by the Society of American Bacteriologists (2). 

Plants were grown in composted soil in 5-inch porous clay pots in the 
greenhouse during autumn, winter, and spring months. Greenhouse tem- 
peratures were held at approximately 22° C. 

Studies of the symptoms produced by the various isolates were made by 
using 4 inoculation techniques : leaf, stem, germinated seed, and pod inocu- 
lations. Although complete descriptions of these methods are presented in 
a previous publication (4), a brief description is given here. Leaf and pod 
inoculations were made by spra^ung plants with a bacterial suspension in 
water. Previous to inoculation, plants were held overnight in an incubation 
chamber at 24° C. maintained at a high humidity. Following the inocula- 
tion plants were held in the incubator for 6 or 7 hours before removal to a 
greenhouse bench. Leaf inoculations Avere made just as the third trifoliate 
leaves were unfolding, and pod inoculations w^ere made during pod develop- 
ment. Stem inoculations were made by stabbing twice through a smear of 
bacteria placed on the bean stems about i cm. below the primary leaves. The 
method used in making germinated seed inoculations consisted of soaking 
germinated seeds for 4 hours in a dilute bacterial suspension in water. Seeds 
were germinated in a moist rag-doll held for 60 hours at 27°-28° C. 

Except in the case of pod inoculations, these pathogenicity tests were 
conducted by making inoculations with all isolates at the same time. The 
incubation chambers were too small to accommodate at one time all of the 
nearly mature plants used in pod inoculation; therefore, inoculations \vere 
made in 2 sections carried out on successive days. 

Following the first complete series of tests, conducted with bacteria iso- 
lated from inoculated Red Kidney plant stems, all isolates were transferred 
to agar slants which, after a day ’s growth of the bacteria, were covered with 
sterile mineral oil (5). The 4 types of inoculation tests were repeated a 
number of times over a 4-year period with isolates stored under oil for 
periods varying from several months to several years. Such extensive tests 
failed to show any major changes in pathogenicity or in growth eharacter- 
i^stics as a result of storage. In some tests isolates that had been stored under 
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oil were compared with the same isolates maintained by routine laboratory 
transfer, and no changes ascribable to either treatment were shown. 

EXPERIMENTAL RESULTS 

Leaf Inoculations 

Healthy, young Eed Kidney plants were sprayed with water suspensions 
of the bacteria. Five plants were used for each isolate. The first symptoms 
appeared within 5 days on plants inoculated with certain isolates ; whereas, 
in other cases the first symptoms appeared 1 to 3 days later. Final read- 
ings were not made until 15 to 20 days after inoculation. Table 1 presents 


TABLE l.—/Sfome differential symptoms produced on B,ed Kidney heans ly 13 
isolates of Phytomonas medicaginis var, phaseolicola in four methods of inoculation. 
Isolates are presented in three groups^ the spaces separating them on basis of pathogenicity 


Isolate 

number 

Leaf inoculation 

stem inoculation 

Germi- 

nated 

seed 

inocu- 

lationc 

Pod 

inoculation 

Lesion 

type 

Sys- 

temic 

infec- 

tion 

Stunt- 

ing 

Vein- 

clear- 

ing 

Wilt- 

ing 

Mot- 

tling 

Vein- 

clearing 

primary 

leaf 

Lesions 

2076a 

Halo 

++b 

-H-f 

-H-f 

-m- 

0 

-hh- 

Typical 

2080 

Halo 

-H- 

-H-t 

-H-f 

-f-H- 

0 

HH- 

Typical 

2082 

, Mixed 

0 

•H-f 

-ff+ 

4++ 

0 

-H-f 

Typical 

2071 

Mixed 

0 

4-H- 

-H-t 

-H-+ 

0 

-i-H- 

Typical 

2072 

Mixed 

0 

-H- 

-H- 

-H- 

0 

-H- 

Typical 

2074 

Mixed 

0 

-H- 

-rf 

-H- 

0 

0 

Small 

2077 

Mixed 

0 

-H- 

-{- 


-H- 

0 

Typical 

2078 

Mixed 

0 


+ 

■H- 

0 

0 

Typical 

2081 

Mixed 

0 

-H- 

-t 

++ 

0 

0 

Typical 

2073 

Halo-less 

0 

-H- 

-}- 

•f 

-H- 

0 

Small 

2079 

Halo-less | 

0 

-f 

0 

0 

-H- 

0 

Small — 'few 

2083 

Halo -less j 

0 

-f- 

0 

0 

-H 

0 

Small — few 

2075 

Halo-less i 

0 

0 

0 

0 

0 


Small 


a The authors are indebted to John McLean, Colorado State College, Fort Collins, 
Colo.; Lee Person, Louisiana State University, Baton Rouge, La.; M. M. Afanasiev, Mon- 
tana State College, Bozeman, Moht., for some of the isolates used in these tests, 
b Symbols: +++ = severe, -H- = moderate, + = mild, 0 = did not occur, 
c Stem cankers were produced by all isolates with germinated-seed inoculation method. 

a summary of the symptoms produced by all isolates and lists them in 3 
general groups or levels of pathogenicity. Large, halo lesions always ap- 
peared on plants inoculated with 4 of the isolates. Small, necrotic, halo-less 
lesions invariably appeared on plants inoculated with 4 other isolates. On 
the other hand, a mixture of halo and halo-less lesions appeared on plants 
inoculated with the remaining isolates. "Where mixed lesion types occurred, 
these 2 types of lesions frequently appeared side by side on the same leaf. 
Figure 1, G, H, and I presents photographs of typical halo, halo-less, and 
mixed lesion types. 

Usually, isolates producing halo or mixed lesions also produced the great- 
est number of lesions. An exception, however, was also observed. One 



Fig. I. Red Kidney plants, leaves and pods inoculated with various isolates of Fhy to- 
monas medicagims var. phaseoUcola. A. Eighteen days after stem inoculation with isolate 
2079. Aside from a slight stunting and some faint mottling in the uppermost leaves, this 
plant sliowed no symptoms and grew as vigorously as uninoculated controls. B. Eliglxteen 
days after stem inoculation with isolate 2071. Severe stunting, wilting and vein-clearing 
symptoms are shown. C, D, E, and F. Pod lesions produced by spray inoculation with 
isolates 2076, 2079, 2074, and 2081, respectively. Pod lesions produced by isolates 2074 
and 2079 were uniformly slightly smaller in size and those of 2079 were fewer in number 
than those produced by isolates 2076 and 2081. G, H, and I. Leaves spray-inoculated with 
isolates 2080, 2083, and 2077, respectively. The three leaves show (G) typical halo, (H) 
halo-less, and (I) both halo and halo-less lesions. 
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isolate producing only halo-less lesions regularly produced more lesions than 
any other isolate. 

Ill some instances leaf inoculation of young, vigorously growing plants 
was followed by systemic infection. In all eases systemic infection was 
obtained only with isolates producing halo lesions. Thus the isolates varied 
in the number of lesions produced, in the time interval required to produce 
visible lesions, in the types of lesions produced, and in ability to produce 
systemic infection. 

Stem Inoculations 

Stem-puncture inoculations into young Red Kidney plants produced a 
wide range of symptoms. Inoculations made with a needle just below the 
primary leaves were usually carried out when the first trifoliate leaves were 
about one-half expanded. Usually each isolate w^as inoculated into 5 plants 
in each test. 

Isolates producing halo or mixed type lesions on leaf inoculation, pro- 
duced characteristic symptoms of the disease with stem inoculation. Four 
to 5 days after stem inoculation a slight wilting of the primary leaves 
occurred. By 6 days the first trifoliate leaflets, instead of being presented 
flatly, in a plane, more or less parallel to the ground line, were all pointing 
downward and exhibiting a slight flaccidity. This position is similar to that 
commonly assumed by bean leaflets at night. The reaction was especially 
noted in plants inoculated with some of the most virulent isolates. Six to 10 
days after inoculation vein-clearing symptoms appeared. At about the same 
time wilting of one or more of the trifoliate leaves occurred. Within 15 to 
20 days after inoculation the plants inoculated with virulent isolates were 
dead. 

As a contrast to the extremely harmful effects just described, isolate 2075 
under the same conditions produced no noticeable symptoms. Plants inocu- 
lated with this isolate could not be distinguished from healthy, uninoculated 
controls, except at the point of inoculation where slight discoloration and 
w^ater-soaking of the nearby tissues occurred. Inoculated plants produced 
a set of pods which at maturity could not be distinguished from those on 
uninoculated controls. 

Between these 2 extremes, other isolates produced some stunting, some 
wilting, and usually vein-clearing symptoms. However, the inoculated 
plants lived almost as long as control plants, which, although punctured with 
sterile needles, lived to complete maturity and produced a satisfactory crop 
of beans. In only one instance were vein-clearing symptoms produced by an 
isolate that produced only halo-less lesions on leaf inoculation. 

Symptoms exhibited by plants inoculated by stem puncture thus fall 
into several groups. The first group consists of those showing marked stunt- 
ing as early as 6 days after inoculation; and in these plants vein-clearing 
usually appeared at about the same time. A second group of isolates pro- 
duced vein-clearing as early as 6 days after inoculation, but no noticeable 
stunting of inoculated .plants occurred until several days later. In a third 
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group only extremely mild symptoms, such as a slight wilting of the primary 
leaves, or no symptoms at all, were produced. Photographs in figure 1, A, 
and 1, B, illustrate the range of symptoms obtained by stem inoculation on 
Keel Kidney beans. 

In some instances of stem inoculation a marked mottling appeared in the 
leaves near the growing point. This symptom occurred on fully grown 
plants that had been inoculated when young, but before any general yellow- 
ing or other similar signs of maturity appeared. Invariably the mottling 
symptoms occurred only with isolates that produced few or no typical symp- 
toms of systemic infection. 

Germinated Seed Inoculation 

Seeds, germinated in rag-dolls at 28° C. for 66 hours, were placed in an 
aqueous bacterial suspension of each of the various isolates for a 4-hour 
period. At the end of this treatment each germinated seed was planted in 
soil in a porous clay pot. Usually, 10 germinated seeds were inoculated by 
the above method with each isolate. 

All isolates produced typical w^ater-soaked lesions on the cotyledons, and 
within 3 weeks every inoculated plant also showed halo-blight stem cankers. 
The isolates produced varying results in the development of systemic infec- 
tion, as characterized by vein-clearing symptoms on the primary leaves and 
ill the occurrence of premature death. Isolates that produced vein-clearing 
symptoms on the primary leaves produced death of the plants within the 
following 3-week period. Isolates that produced only halo-less lesions on 
leaf inoculation caused lesions on the cotyledons and cankers on stems with 
germinated seed inoculation, but did not produce vein-clearing symptoms of 
the primary leaves or any other symptom of systemic infection. In many 
instances the plants died before maturity, depending upon the severity of 
the stem cankers, but in other instances, in spite of stem cankers, the plants 
grew to maturity. 

Pod Inoculations 

A group of large, healthy Ked Kidney plants with some of the pods on 
each plant nearly full-size and other pods still developing, was divided into 
15 similar lots of 5 plants each, A water suspension of bacteria of each of 
the 13 isolates of the bacterium was sprayed on the pods of the respective 
lots with an atomizer. A check lot of 5 plants was sprayed with sterile water 
in each group of inoculations. After inoculation all plants were incubated 
in a moist chamber for 8 hours, after which they were placed on a greenhouse 
bench. 

Lesions developed on pods of all lots within 4 to 8 days after inoculation. 
Pinal observations on pod infection were made 2 weeks after inoculation. 
Although leaf, stem, and germinated seed inoculations with the various iso- 
lates produced striking variations in symptoms, pod infection symptoms 
were all of the same general type, but varied in size and number of lesions. 
Several isolates, which were characterized by low pathogenicity in previous 
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comparative tests, produced lesions slightly smaller in diameter than those 
resulting from more virulent isolates. In general, a similar number of pods 
were infected, and approximately the same numbers of lesions were produced 
with each isolate although two isolates induced notably fewer lesions. None 
appeared on pods sprayed with sterile water. 

Figures 1, C, H, E, and F, present photographs of pod lesions resulting 
from inoculation with several representative isolates. 

EFFECT OP TEMPERATURE ON LESION TYPE 

Because of the known effect (3) that high-temperature growing condi- 
tions have on the appearance of lesions of bean halo blight, it seemed desira- 
ble to study the effects of various temperatures on the lesions produced by 
several different isolates. Four isolates, 3 which produce only halo-less 
lesions and 1 which produces only typical halo lesions, were used in the 
study. Sixty young, healthy Eed Kidney bean plants were divided into 
4 similar lots of 15 plants each. Each lot was inoculated with a different 
isolate and then so distributed that the 5 plants inoculated with each isolate 
were held at 16, 22, and 28 degrees C. Table 2 records the results of this 


TABLE 2. — Effect of temperature on symptoms. Lesion type obtained when 
plant lots were leaf-inoculated with the indicated 'bacterial isolate and held at mrious 
temperatures 


Isolate 

number 

Temperature °C. 

16 

22 

28 

2075 

Halo -less 1 

Halo-less 

Halo-less 

2079 

Halo -less 

Halo-less 

Halo-less 

2083 

Halo-less 

Halo-less 

Halo -less 

2076 

Halo 

Halo 

Halo-less 


test. It will be noted that the isolates producing halo-less lesions at 22° C. 
produced the same type of lesions at both 16° and 28°. In the case of the 
isolate producing typical halo lesions at ordinary temperatures, halo-less 
lesions resulted at 28° C. while at 16° and 22° typical halo lesions developed. 
This test confirms previous reports (3) to the effect that typical halo-blight 
isolates produce only halo-less lesions at 28° C., and it further shows that 
isolates causing halo-less lesions at ordinary temperatures (20-22° C.) also 
induce only halo-less lesions at 16 and 28°. 

DIRECT INOCULATION PROM INFECTED TISSUE 

In an attempt to determine whether or not bacteria from small, necrotic 
lesions would in turn produce only small, necrotic lesions, bacteria were 
transferred direct from small, necrotic or halo-less lesions to healthy, young 
plants. Other inoculations also were made with bacteria taken directly from 
typical halo lesions. Small areas of the leaf containing the lesions were cut 
out with sterile instruments and macerated in sterile mortars with sterile 
pestles. A water suspension of this material was then sprayed on leaves in 
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the manner described for leaf "inoculation technique. Necrotic lesions de- 
veloped on leaves sprayed with bacterial suspension obtained from necrotic 
lesions. Halo lesions developed on leaves sprayed with a bacterial suspen- 
sion of material from halo lesions. Occasionally, lesions, unlike those from 
which the inoculum was obtained, appeared in plants inoculated from either 
type of lesions. This would seem to indicate that variant strains of the halo- 
blight organism are continuously arising, or that mixtures were sometimes 
present in the lesions. Even in the latter case the presence of a mixture in 
the lesions would indicate that strain variations occur. 

PHYSIOLOGICAL CULTURE STUDIES 

The wide range of variation in symptoms obtained by leaf and stem 
inoculation of Red Kidney beans wuth the 13 halo-blight isolates suggested 
that such dilferenees might be correlated with variations in physiological 
activity. Comparative studies on various types of media, commonly utilized 
for such observations, were carried out. In all experiments, observations 
were made on the 13 isolates of Phytomonas medicaginis var. phaseolicola 
together with an isolate of the bacterium causing common blight of beans, 
P. phaseoU. 

The tests involved growth characteristics and rates-of-growth studies on 
beef extract agar streaks, beef extract broth, gelatin, plain milk, and milk 
with litmus and with brom-cresol-purple. Studies also were made on pro- 
duction of ammonia, hydrogen sulphide, starch digestion, and on the utili- 
zation of starch, dextrose, and sucrose. In all tests the various isolates of 
Phytomonas medicaginis var. phaseolicola showed characteristics that agreed 
with those described by Burkholder (1). In these tests the only variations 
obtained were slight differences in growth rates. These differences could 
not be correlated with those in pathogenicity. 

DISCUSSION 

The occurrence of a number of strains or variants of a given species or 
the variation in pathogenicity among isolates of a pathogenic species has 
been found the rule rather than the exception in biology. The discovery 
and description of such variation is now in itself of comparatively minor 
importance or significance. Frequently, however, a knowledge of the range 
of eharacteristics within which most members of a pathogenic species fall 
aids greatly in understanding more completely the organism and the disease 
produced by it. Such is the case in this report of the variation in symptoms 
produced on Red Kidney beans by various isolates of Phytomonas medi- 
caginis Yav, phaseolicola. 

With the discovery of physiological resistance in certain varieties to halo 
blight and the probable usefulness of such varieties in a breeding program, 
there has developed a need for a more thorough understanding of the various 
factors that influence the symptomatic picture of diseased plants in the field 
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and greenhouse. In a breeding program it is necessary to grow and inocn- 
late large inimbers of hybrid progenies. Selection of resistant plants must 
be made rapidly and nsiially without the benefit of laboratory pure-cnltxire 
determinations of the causal organism. To do this, studies of the various 
factors responsible for symptom variations are essential. 

This report now brings to three the number of factors shown to influence 
the symptoms of beans infected with halo blight. High temperatures were 
shown (3) to limit the formation of the typical halo development in suscepti- 
ble varieties. Later, it was demonstrated (4) that certain varieties were 
physiologically resistant and manifested this resistance by the formation of 
small, necrotic, halo-less lesions instead of the large, characteristic halos com- 
monly observed. This report now shows that certain isolates of the halo- 
blight organism may produce all halo or all non-halo or a mixture of these 
two types of primary lesions on susceptible varieties. In addition, the report 
describes systemic symptom differences that result from various isolates. 

SUMMARY 

Studies were made on the variations in symptoms produced on Bed Kid- 
ney beans inoculated with 13 halo-blight {Phytomonas medicaginis var. 
phaseolicola Burkh. ) isolates from naturally infected field-grown beans. 
Four inoculation techniques were used : leaf, stem, germinated seed, and pod. 
On the basis of pathogenicity exhibited in the various inoculation tests the 
isolates fall into 3 general groups. Four isolates were characterized by pro- 
ducing all halo or both halo and halo-less primary leaf lesions, typical pod 
lesions and marked stunting, wilting, vein-clearing symptoms and premature 
death with systemic infection. Another group of 4 isolates was character- 
ized by the production of halo-less primary leaf lesions and small and re- 
duced numbers of pod lesions. Stem inoculations with these same isolates 
produced little or no stunting or wilting and rarely vein-clearing symptoms 
or premature death. The third or intermediate group consisted of 5 isolates 
that usually produced mixed halo and halo-less primary leaf lesions and 
whose pathogenicity was intermediate between the two extreme groups just 
described. 

In studies on the effect of temperature on primary lesions it was found 
that several isolates that induced only halo-less primary lesions at 22° C. also* 
induced only halo-less lesions at 16° and 28°, as contrasted with the behavior 
of other isolates, which produced halo-less lesions at 28° but produced typi- 
cal halo lesions at 16° and 22° C. 

Water suspensions of macerated tissue from typical halo lesions when 
sprayed on young leaves caused typical halo lesions, whereas bacteria from 
halo-less lesions caused halo-less lesions. Occasionally, lesions unlike those 
from which the inoculum was obtained appeared in the inoculated plants. 

In all physiological culture tests the various isolates showed character- 
istics that agreed with those described by Burkholder (1) . In these tests the 
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only variations obtained were slight differences in growth rates, which could 
not be correlated with differences in pathogenicity. 

Department of Plant Pathology, 

Nebraska Agricultural Experiment Station, 

Lincoln, Nebraska. 
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SEEDLING INVASION OP THE COVERED SMUT OP OATS 

Paul P. Beandwein 
(Accepted for publication December 21, 1943) 

Tlie behavior and sexnalit}?- of the various oat smuts in culture have been 
subjected to considerable investig*ation. Many authors, Dickinson (4), Hol- 
ton (5, 6), and Utter (12), have emphasized the heterosexuality of the oat 
smiits, and there is considerable evidence to show that monosporidial lines 
do not infect the host, but that fusion of the sporidia of presumably differ- 
ent sexes result in an infection hypha. Western (11) studied, in Ustilago 
wvenae, tlie behavior of 2 monosporidial lines of unlike sex introduced by 
pressure under the glumes of oat seeds. Under these more natural condi- 
tions, there was a union of adjacent promycelial segments by means of a 
fusion tube, which finally gave rise to the true infection hypha. Tisdale and 
Tapke (8), Tapke (9), Kolk (7), and Western (10) also have described the 
invasion of different hosts by the promycelium directly produced from 
ehlamydospores. Since 1936, the results of experiments designed to discover 
to wdiat extent seedlings are invaded by the promycelia from the chlamydo- 
spore of the covered smut of oats have been carried on and are reported here. 

EXPERIMENTAL 

The covered smut Ustilago levis {U, Kolleri), race 7, and the oats, var. 
Monarch, which is 100 per cent susceptible, and Markton, which is com- 
pletely resistant to it, werensed. Kolk (7), Western (10) and Brandwein 
(1, 2), have proved beyond doubt that the smut penetrates resistant and 
susceptible coleoptiles alike. In Markton the inoculation results definitely 
in seedling invasion and sometimes in non-sporulating infection (Brand- 
wein (3)). 

Dehulled seeds of Monarch and Markton were dusted with dry chlamydo- 
spores and the seeds were then germinated in sand having a moisture con- 
tent of 20 per cent of its water-holding capacity. This sand was contained 
in paper cups and maintained at 20° C. Twenty-four-hour-old seedlings 
also were thoroughly dusted with spores, and new sand of the proper mois- 
ture content was then replaced. The plants inoculated at the seed stage 
were removed after 48 hours for examination, the others inoculated at 24 
hours were removed at 72 hours. Most useful preparations were made by 
stripping the coleoptile with forceps and examining the unstained tissue by 
suitable lighting under 440 and 950 (oil immersion) magnification. Suc- 
cessive strips from one plant permitted a fairly thorough examination of 
from i to | of the outer coleoptile tissue. The results are tabulated in 
table 1.' , 

It was surprising to find that of the tremendous numbers of spores found 
on a seedling inoculated at 24 hours there were very few germinations — 
roughly 10 per cent — and few cases of what could be definitely called in- 
'vasion. ' 
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I^IG. 1. Ghlamydospore germination and promyeelia invasion of tlie oat coleoptile. 
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Fusion of sporidia was relatively uncommon. Of the 532 cases of hyphal 
penetration that seemed to result from fusion, only 52 seemed to he the result 
of fusion of sporidia or sporidia-like structures. 

Formation of sporidia (Fig. 1, A) and sporidia! fusions were, however, 
commonly found in the mat of smut spores that sometimes was found in the 
sand alongside the seed. 

Figure 1, B, shows a type of penetration (in Monarch) commonly found ; 
the chlamydospore promycelium enters at 2, produces a ramifying mycelium 
internally which finally dips into the tissues. On the other hand. Fig. 1, C, 
shows 2 penetrations in Monarch from 2 promyeelia, with the external and 


TABLE 1. — Spore-germination and host-invasion results obtained from oat seedlings 
grown from dehulled seeds of MarTcton and Monarch oats that had been diisted with 
chlamy do spores of Ustilago levis 


No. 

seedlings 

examined 

Host 

Age of 
seedling 
(hours) 

No. of 
invasions 

■ Invasions 
directly 
from 

chlamy do - 
spore 

Doubtfula 
or from 
fused 
hyphae 

47 

Monarch 

48 

201 

71 

130 

46 

i < 

72 

407 

219 

188 

23 

Markton 

48 

130 

32 

98 

27 

( { 

72 

184 

68 

116 

143 



922 

390 

532 


a In 286 eases, it could not be readily determined, because of ramification and branch- 
ing of the mycelium, whether penetration was that of a hypha formed by fusion of elon- 
gated promycelial segments or that of the promyeelium. 


internal mycelia ramifying and bunching in and on the coleoptile. In this 
type it was difficult to determine whether the penetration was directly from 
a chlamydospore or from fusion at 1 and 2 (Fig. 1, C). Fig. 1, D, shows 
the internal mycelium from the spore 1 in a Markton coleoptile. It is inter- 
esting to note a swelling of the cell wall just in front of the penetration 
hypha, wdiicli had entered at 2. 'Western (11) has described similar pads of 
cellulose. The writer has observed 3 more cases similar to this in living 
material. It is obvious that such favorable material would be difficult to 
obtain. Figures 1, B, and 1, C, are typical of the rich mycelium that quickly 
develops in susceptible plants ; and Fig. 1, D, is typical of the sparse 
mycelium within the coleoptile cells of the resistant plants. 

summary and conclusion 

In this paper, the writer reports and figures extensive penetration by the 
promyeelium arising from the chlamydospore of Usiilago levis. No mycelial 
fusions were apparent in these cases. Does the dikaryophase arise from such 
a direct penetration? At present no evidence is available. There is also 
no present way of knowing that these promyeelia produce sporulating infec- 
tion. But it is true that these direct penetrations appear to be more numer- 
ous than might be expected. 
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The problem deserves further study. The technique of examining’ inva- 
sion hyphae needs refinement, and the progress of invasion liyphae should 
be studied by film, if possible. 

In conclusion, it may be stated that under the environmental conditions 
reported here, penetration by the promycelium directly from the chlamydo- 
spore of Ustilago levisy race 7, without promycelial fusions, is more extensive 
than has been supposed. It is suggested that the story of the development 
of the oat smut chlamydospore on the coleoptile may be different in certain 
important respects from its development in culture. 

Thanks are due to Dr. G. M. Reed for the materials with which this work 
has been carried on and for the advice he has given so generously. 

Brooklyn Botanic Garden, 

Brooklyn, N. Y. 
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PATHOGENESIS OF APHANOMYCES COCHLIOIDES ON 
TAPROOTS OP THE SUGAR BEET^ 


W . F. B UGH HOLTZ AND 0. H. M E K, E D I T H 2 
(Accepted for piiWication January 3, 1944) 

Since tlie discovery that Pythium deboryanum Hesse is the principal 
cause of damping-off of very young sugar-beet seedlings in northern Iowa, 
the major role played by another pathogen in parasitizing older seedlings 
and plants with taproots of considerable size, in addition to young seedlings, 
under certain conditions in specific entire fields, has become increasingly 
evident.^ Infection of plants at and beyond the seedling stage occurred in 
two adjacent fields on the Northern Iowa Experimental Association Farm 
(Pig. 1) in 1937 and in 1938. Isolation and inoculation trials indicated that 
Aphanomyces cochlioides Drechsler was the causal agent. Since some of the 
symptoms observed in the field and those induced by pure culture inocula- 
tions ivere on plants beyond the seedling stage, and, therefore, in addition to 
those hitherto attributed to A. cochlioidesy they are herein briefly described. 

SYMPTOMS 

On young seedlings the symptoms were similar to those attributed to 
Aphanomyces cochlioides by Peters,^ Edson,® and Drechsler.® Occasionally 
a general rapid necrosis of the entire root, hypocotyl, and the lower portion 
of the cotyledons of young seedlings occurred (Pig. 2, A). A. cochlioides 
apparently parasitizes very^ young seedlings less frequently than Pythium 
debaryanum. Furthermore, under field conditions, direct necrosis induced 
by P. debaryanum is restricted to that portion of seedlings below the soil 
surface, with brown rather than black discoloration of necrotic tissues. 

On older seedlings or plants with 1 or 2 other leaves and with some 
secondary vascular enlargement there was necrosis of the cortex of roots and 
hypocotyls and of the cotyledonary petioles (Pig. 2, B) . The necrotic tissues 
w^ere black; in fact, this is the typical so-called ‘ (black-root ’Mn northern 
Iowa. In this late seedling stage of development, the surfaces of hypocotyls 
and primary roots in Aphanomyces rocfeZwdes-infested soil were rough and 
gray.,' 

A later and very striking symptom induced by Aphanomyces cochlioides 
w^as a black disintegration of the taproot, which first became manifest in late 

1 Journal Paper No. J-1175 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 432. 

2 The writers are indebted to Br, I. E. Melhus for aid and suggestions during the 
course of investigations and preparation of the manuscript. 

^Buchholtz, W. E., and 0. H. Meredith. A sugar-beet root rot caused by Aphano- 
myces cochlioides. (Abst.) Phytopath. 28: 4. 1938. 

^Peters, L. Zur Kenntnis des Wurzelbrandes der Zuckerriibe. Ber. Bent. Bot. 
Geseli. 24: 323-329. 1906. 

5 Bdson, H. A. Seedling diseases of sugar beets and their relation to root-rot and 
crown-rot. Jour. Agr. Bes. [IT. S.] 4: 135“-168. 1916. 

6 Breehsler, Chaides. The beet water mold and several related root parasites. Jour. 
Agr. Bes. [IT. S.] 38: 309-361. 1929. 
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June and early July, wlien the thinned stands were recovering from the 
thinning operation (Fig. 2, C). The pathologic events leading to this con- 
dition are not entirely understood. There is likelihood of earlier infection 
and pathogenesis, for crowns of afflicted plants were considerably stunted 
and their lower leaves yellow in early stages of indirect necrosis. The cen- 
tral leaves were sometimes unusually stiff and glossy but dwarfed. Wilting 
in the afternoon of bright days, with subsequent recovery (“flagging’') was 
common. The roots of such plants were undersized, blaek-tipped 3 to 6 
inches below the soil line, with an excess of side roots developed apparently 


Pig. 1. A field of sugar beets which was a complete failure because® of ^ ‘ tip rot ^ ^ 
caused by Aphmomyces cochlioides. Kanawha, Iowa, 1937. (Photograph by I. E. Mel- 
hus.) 

in response to the destruction of the taproot (Fig. 2, C) . A large majority 
of these side roots were black and shrivelled. 

After mid- June, plants in infested soil either were killed or grew very 
slowly until late August, when there was some recovery and apparently 
satisfaetory growth of many of the remaining plants. Even then, some 
plants underwent a progressive rot of the fleshy taproot at about the plow 
line. This rot was characterized by a first greenish-yellow, later light-brown 
and finally dark-brown, almost black, discoloration (Fig. 2, D) . Infected 
tissues were slightly softened but still resisted the knife, and split rather 
than tore when cut They appeared slightly water-soaked. When subject 
to desiccation such tissues finally shrivelled to a “ tassel’ ’ of vascular ele- 
ments (Fig. 2, E and F) as in the rot produced hy Phyiophthora drechsleri 
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F[G. 2. A. Seedling that Ras undergone necrosis of the entire root, hyp ocotyl and 
lower portion of the cotyledons. B. Seedling with darkened hypocotyl and cotyledonary 
petioles ^ black root This symptom is a reliable diagnostic characteristic of Aphano- 
myoes cocMioides InteGtioiL of beet seedlings. C. Tip-rotted beets about a month after 
thinning. The blackened taproots are typical as is the excessive development of side roots 
(also blackened) on the beet at the right. D. Typical watersoaked but fifm, discolored 
area induced by A. cocUioides on large taproots. This root was exposed to an agar culture 
of A. cochlioides, E. Section cut through rotted, partially desiccated lower taproot. P. 
‘^Tassels’’ left on the taproot when tissues invaded by A, cochlioides become desiccated. 
G. An apparently ^ ^ recovered ' ' beet from a field that was a failure because of tip rot. 
Note the several horizontal roots rather than a taproot, and the blackened small roots. 
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Tucker/ Frequently the uppermost progress of rot of the fleshy taproot 
was in the two zones of lateral root protrusion. There was no distinct odor 
associated with rotted fleshy taproots. 

Late in the season many remaining beets showed signs of previous infec- 
tion and partial recovery. After the destruction of the original taproot, 
one or several of the side roots appeared to have achieved some degree of 
dominance and developed into a taproot, frequently in a more nearly hori- 
zontal than a vertical direction (Fig. 2, G). The vascular elements of the 
original taproot sometimes were in evidence. 

Because the destruction of the taproot at about the plow line was the 
most common and characteristic symptom on plants beyond the seedling 
stage, "‘tip rot^^ became the common field designation for the disease. 

Aphanomyces cochlioides appeared more or less regularly from plantings 
of diseased tissues on plain agar from the first time isolations were attemp+ed 
in August, 1937. On August 21, two growths of A. cochlioides were detected 
in a series of plantings of dry, blackened side roots on plain agar. On 
August 23, A. cochlioides was detected in 6 of a series of isolations from 
rotten taproots. On August 31, 11 of 12 isolations from wet rotted taproots 
yielded A. cochlioides, and on September 21, 23 of 24 such isolations did also. 
Since then the same pathogen has been observed repeatedly and consistently 
in isolations from seedlings and plants of all sizes with the various types of 
symptoms described. Except for slightly smaller vegetative hyphae, the 
isolates obtained seemed to fall within the limits described by Drechsler.^ 

INOCULATION TRIALS 

In 3 inoculation experiments in 1937, Aphanomyces cochlioides produced 
typical taproot-rot symptoms. In the first trial, September 11, corn-meal 
cultures of each of 2 isolates were introduced by means of plug wounds into 
5 beets in the field. In the second, on September 20, each of 6 isolates were 
similarly introduced into 10 beets in the field. On October 14, when the 
beets in both experiments were lifted from the soil, all inoculated beets in 
the first experiment and 55 of 60 in the second were partially rotted. On 
September 29, each of 8 isolates was introduced by plug wounds into 3 lifted 
beets. The inoculated beets were stored in the greenhouse until November 1, 
when 23 had rotted. In all 3 experiments, the checks were not rotted, and 
A, cochlioides was recovered from the inoculated rotted beets. On two 
other occasions, sugar-beet roots were inoculated with isolates of A. cochli- 
oides in the laboratory, and necrosis of tissues developed. 

Four inoculation experiments were undertaken in 1938. Two were 
started in an April-planted field on July 12 and August 5. Ten plugged 
and 5 unwounded beets were exposed to each of 6 isolates of Aphanomyces 
cochlioides. Two similar unexposed series served as checks. The beets were 
lifted and examined on August 19. From the July 12 inoculations, only 2 

7 Tompkins, 0. M., B. L. Bichards, C. M. Tucker, and M. W. Gardner. Phytophtliora 
rot of sugar beet. Jour. Agr. Bes. [U. S.] 52: 205-216. 1936. 

8 See footnote 6. 
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of 60 plugged beets showed typicah rotting ; none of the uninjured beets 
showed any evidence of infection. From the August 5 inoculations, 2 iso- 
lates typically rotted all 10 i)lugged beets, a third isolate rotted 5 of 10 
plugged beets, a fourth isolate rotted 1 of 10 plugged beets, the other 2 iso- 
lates rotted none. One of the 30 unwounded, exposed beets showed evidence 
of typical rotting by A. cocMioides. One of the beets that rotted as a result 
of exposure to a virulent isolate is showui in figure 2, D. 

In a third similar experiment, started August 19, only the 4 apparently 
most virulent isolates were used. One isolate, which rotted an unwounded 
beet in the August 5 inoculation, typically rotted all 10 plugged beets ; the 
3 other isolates rotted 8, 7, and 4 plugged beets, respectively. No unwounded 
exposed beets were rotted. All cheeks remained healthy. 

A fourth experiment ^vas begun on August 18. Three sets of 4 injured 
(3 scratches with knife blade) and 4 uninjured beets of 4 ages (planted 
March 29, April 12, May 15, June 4) were exposed to 2 virulent isolates of 
Aphanomyces cochlioides. On September 9 the beets were pulled and the 
following observations made : Five of 16 injured, exposed beets from the two 
first plantings were slightly rotted on the surface only. Four of 8 injured 
beets in the third planting were similarly surface-rotted ; one other had typi- 
cal 'Hip rot.^’ In the first 3 plantings, no uninjured exposed beets showed 
any evidence of infection as indicated by rotting. Of the youngest beets 
(June 4 planting) 7 injured and 7 uninjured roots showed some rot. Obvi- 
ously roots of the last planted beets were rotted more after exposure to A. 
cochlioides than those of the larger beets in the first 3 plantings. All roots 
exposed to sterile agar were healthy. 

In several trials, isolates of Aphanomyces cochlioides ^ wdien added to 
steamed soil, caused damping-off of beet seedlings growing in such soil. The 
invaded necrotic seedling tissues invariably were black, and the cotyledonary 
petioles were typically invaded (Fig. 2, A). In each field inoculation trial 
in 1938, and in two soil infestation trials in the greenhouse, A. cochlioides 
was recovered from one or more rotted roots or damped-off seedlings. 

summary 

The pathogenic effects of Aphanomyces cochlioides on sugar beet plants 
at and beyond the young seedling stage were observed in northern low^a and 
are recorded. The symptoms w^ere necrosis and blackening of hypocotyls, 
cotyledonary petioles and roots of seedlings; blackening and disintegration 
of the taproot 3 to 6 inches below the soil line at thinning time, with wilting 
and indirect necrosis of leaves; necrosis and blackening of excessive side 
roots; a greenish-yellow to brown or black semi-soft rot of the lower end of 
large taproots. Aphanomyces cochlioides was isolated frequently from such 
tissues. 

Inoculation experiments with pure cultures induced symptoms similar 
to those observed in the field. In one inoculation trial with beets of 4 ages, 
young roots seemed to be more susceptible than older roots. 


THE SEQUENCE OP INFECTION OP A SEEDLING STAND 
OP SUGAE BEETS BY PYTHIUM DEBAEYANUM 
AND APHANOMYCES COCHLIOIDES^’ 2 

W . F . B U C H H 0 L T Z 
(Accepted for publication January 13, 1944) 

The role of Pythium debaryanum. Hesse in destroying germinating seed 
and young seedlings of sugar beets in northern Iowa is well known.^ Seed 
treatment also is recognized as valuable and is practiced universally among 
sugar beet growers. Although seed treatment has been effective in estab- 
lishing good stand of young seedlings, these stands often have failed soon 
after their establishment. It is known that Aphanomyces cochlioides 
Drechsler can attack the roots of older seedlings and of larger plants.^ 

In this presentation an attempt is made to delineate the roles of Pythmm 
debaryanum and Aphanomyces cochlioides in destroying seedling stands 
in northern Iowa soils and to evaluate seed treatment as a control for each. 

METHODS 

In September, 1938, samples of Clarion loam and Webster loam soils 
w^ere taken from a field that had been in alfalfa for 3 years and that had 
not grown beets since 1932. Beets growing in this field in 1939 showed no 
evidence of infection by Aphanomyces cochlioides^ although the seedling 
stand loss from Pythium debaryanum was heavy on the Clarion loam and 
light on the Webster loam. A comparable sample of Webster loam wns taken 
from an adjacent field in which beets were heavily diseased at all ages by 
A. cochlioides and considerable numbers of young seedlings destroyed by 
P. debaryamim. The pH values of the 3 samples were 5.5, 6.6, and 6.3, 
respectively. The samples were stored in the greenhouse as taken from the 
field in galvanized tin cans, covered but not sealed. Normal greenhouse 
temperatures prevailed, and the samples did not become dry. 

Five 4-inch pots were filled from each of the 3 different soil samples, 
in January, 1939. A row of 10 nontreated and a row of 10 treated (New 
Improved Ceresan at the rate of 5 oz. per 100 lb. of seed) clusters of Amer- 
ican No. 1 seed were planted in each pot. In addition to the above samples, 
5 pots of the Webster loam infested Pythium debaryanum m-d. 

Aphanomyces cochlioides djxdi likewise planted. Germination 

and number of diseased seedlings in each pot were recorded daily for 28 
days. Diseased seedlings were removed every day, washed, and laid on 

1 Journal Paper No. J-1171 of tlie Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No, 432. 

2 The writer is indebted to Dr. I. E. Melhus for helpful suggestions in connection with 
the investigation and in the preparation of the manuscript. 

3 Buchholtz, W. P. Factors influencing the pathogenieitv of Pythium debaryanum 
on sugar beet seedlings. Phytopath, 28; 448-475. 1938. 

4 Buchholtz, W, F*, and C. H. Meredith. Pathogenesis of Aphanomyces cochlioides 
on taproots of sugar beet. Phytopath. 34: 485-489. 1944. 
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plain agar. The pathogens grew out in 24 to 48 hours and were identified 
and recorded. Of 245 seedlings becoming diseased, diagnosis was suceessfnl 
with all but 4. P. delaryanum produced sphaerosporangia and occasional 
oogonia, antheridia, and oospores in 48 hours. A. cochlioides exhibited 
typical coarse, tortuous mycelium and occasionally the first stage of zoospore 
formation in 8 to 24 hours. 


EXPERIMENTAL RESULTS 

In steamed soil the rate and extent of germination of treated and non- 
treated seed were about the same. Germination was nearly complete 11 



Pig. 1. The number of seeds germinated and seedlings infected daily from 50 non- 
treated and 50 treated seed clusters planted in the greenhouse in Webster loam lightly 
infested with JPythium deharyanum. 


days after planting, and the final numbers of seedlings from 50 nontreated 
and 50 treated seed clusters were 90 and 86, respectively. No seedlings were 
diseased (Fig. 4, A) . This lot of seed apparently was free from Pkoma leiae. 
In soil lightly infested with Pythium deharyanum (Webster loam, alfalfa 
sod), germination was nearly completed 12 days after planting (Fig. 1), 
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Germination was less from nontreated than from treated seed, which prob- 
abl,y was due to interruption of the germination of nontreated seed by 
P. cleharyamim. Loss of seedlings from infection by P, del ary amim oc- 
curred soon after germination, and there was little or no loss beyond the 
14th day after planting, when there were 63 and 91 healthy seedlings 
remaining from nontreated and treated seed, respectively (Pig. 4, B). 
Twenty seedlings grown from the nontreated seed were killed. Since ap- 




PiG. 2. The number of seeds germinated and seedlings infected daily from 50 non- 
treated and 50 treated seed clusters planted in the greenliouse in Clarion loam heavily 
infested with JPythium deharyanum. 


proxiinately 10 germinating seeds probably were destroyed, the loss was -I 
the expected stand of approximately 90. Only 1 seedling from treated seed 
was destroyed, also by P. deharyanum. 

In soil heavily infested wuth Pythium deharyanum (Clarion loam, alfalfa 
sod), germination was nearly completed 11 days after planting (Pig. 2). 
A total of 65 seedlings resulted from nontreated seed and 90 from treated 
seed, a difference of 25 as compared with a difference of 13 in the 'Webster 
loam, lightly infested with P. debaryamtm. Here again the loss of seed- 
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lings grown from nontreated seed occurred soon after germination. Most 
of the loss had taken place by the 14th day and none beyond the 16th day 
after planting, when there were 7 and 90 healthy seedlings remaining from 
nontreated and treated seed, respectively (Fig, 4, C). Fifty-seven seedlings 
from nontreated seed were infected by P. deharyamim. Since 25 geimii- 
nating seeds probably were destroyed, there was a. total loss of 82 seeds 
and seedlings, or fully 90 per cent of the probable number of live seeds. 
Only 4 seedlings from treated seed were infected by P. deharyanum. 



14 16 18 ZO ZZ 

DAYS AFTEI^ PLAN TING- 


ES 


Fig. 3. The number of seeds germinated and seedlings infected daily from 50 treated 
and 50 nontreated seed clusters planted in the greenhouse in Webster loam heavily infested 
with Pythium deharyanum and Aphanomyces cochlioides. 

Ill soil infested with Pythium deharyanum and Aphanomyces cochlioides 
(Webster loam), germination was nearly completed 12 days after planting 
(Fig. 3) . There were, in all, 72 seedlings from nontreated seed and 94 from 
treated seed, a difference of 22 as compared with 13 in the lightly infested 
Webster loam and 25 in the heavily infested Clarion loam. Loss of seedlings 
from nontreated seed by P. deharyanum infection again was rapid. Nearly 
all infection had occurred by the 15th day after planting, and none occurred 
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Pig. 4. Typical final stands of sugar beet seedlings grown in (A) steamed Webster 
loam, (B) Webster loam lightly infested with Pythium deharyanum, (0) Clarion loam 
heavily infested with P. de'baryanum^ and (D) Webster loam infested by P. deharyanum 
and Aphanoinyces cochlioides. In each pot the left row is from nontreated seed, the right 
TOW from treated seed. 
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after the 16th day. Thirty-one seedlings from nontreat ed seed were in- 
fected hj P. deharyamim in addition to the 22 germinating seeds probably 
destroyed by this pathogen. Thus, a total of 53 seeds and seedlings, or 
nearly 60 per cent, probably were killed by P. debaryamtm. The interrup- 
tion in germination in this case was assumed to have been caused by P. 
deharyamimy^mQQ; the loss of seedlings from infection by P. deharyamim 
had ceased by the time the first seedlings were visibly infected with 
Aphanomyces cochlioides. Only 5 seedlings from treated seed were infected 
by P. deharyamim^ all by the 15th day after planting. 

In stands from treated and nontreated seed loss of seedlings from infec- 
tion by Aphanomyces cochlioides began on the 15th day after planting and 
continued until the 28th day after planting, when there remained only 1 
healthy seedling from nontreated seed and 3 from treated seed (Fig. 4, D). 

field observations 

In the spring of 1939, plantings of treated and nontreated seed were 
made in the field on the areas from which the soil samples had been taken 
for the greenhouse tests. Isolation from every infected seedling, as in the 
greenhouse test, was impossible because many died and dried up before 
they were picked up, even though the stands were observed daily. Isolations 
were made daily, however, from typically diseased seedlings from treated 
and nontreated seed in the 3 areas. In general, as in the greenhouse tests, 
stands from nontreated seed in the heavily infested Clarion loam and in 
the lightly infested Webster loam were reduced more by de- 

haryannm than were the stands from treated seed in the same areas. In 
the soil infested with Aphanomyces cochlioides, however, nearly the entire 
stand, whether from treated or nontreated seed, became infected by this 
pathogen. 

The general infection of beet stands in commercial fields infested with 
Aphanomyces cochlioides is a common oceurrenee. In many fields stands 
of young seedlings may be excellent, which, in some cases, doubtless is the 
result of protection from Pythium deharyanum by seed treatment. It has 
been repeatedly observed, however, that in field stands, as in the greenhouse 
cultures, A. cochlioides destroys plants that have developed beyond the 
very young seedling stage, at a time when a seed disinfectant and protectant 
cannot be expected to persist and protect the growing plant. 

SUMMARY 

Pythnim deharyamim killeA 33 per cent of the sugar beet seedlings grown 
from nontreated seed in lightly infested soil, 90 per cent in heavily infested 
soil, and 60 per cent in soil in which P. deharyanum and Aphanomyces 
cochlioides oeeuTved together. The killing of seedlings by P. deharyanum 
was nearly completed 15 days after planting. Very few of the seedlings 
that developed from treated seed were killed by P. deharyanum. 

Aphanomyces cochlioides infection began when the seedlings ceased 


496 


Phytopathology 


[VoL. 34 


djnng from Pythmm deharyanum infection, about 15 clays after planting 
By the 28th day after planting nearly all the remaining live seedling^, 
whether from treated or nontreated seed, had been attacked by A. coclilioides. 

Pythiiim deiaryanum took its toll quickly and was readily controlled by 
seed treatment, whereas Aphanomyces cocJilioides attacked older seedlino^ 
and was not controlled by seed treatment. 

Agricultural Experiment Station, 

Brookings, South Dakota. 


OENITHOGALUM MOSAIC 


Floyd F . Smiths a n d P h i l i p B r i e r l e y ^ 

(Accex3ted for publication January 12, 1944) 

A double-flowered variety of OrriiiliogaUm tkyrsoides Jacq. (Liliaceae) 
was received from a grower in Oregon in 1940. All plants from the original 
sample of bulbils exhibited mild green mottling in leaves and prominent 
light- and dark-green blotching in flow^er stalks. Seedlings of the same spe- 
cies grown from commercial seed were single-flowered and free from mot- 
tling. The disease in the Oregon specimens ivas investigated to determine 
its relation to the virus diseases of lily, tulip, hyacinth, and onion. 

The only jDrevious record of mosaic in Ornithogalum known to the writers 
is that by Nance'^ from Oklahoma in plants under the name oi Ornithogalum 
aureum. The writers’ material included diseased Hyacinthus orient alis L., 
variety Yellow Hammer, Galtonia candicans Decne., and 0. thyrsoides from 
Oregon ; and LacJienalia sp. and 0. thyrsoides var. aureiim Ait. from Ala- 
bama. Conspicuous mottling was noted also in leaves of red squill (Urginea 
maritime (L.) Baker) grown at the Plant Introduction Station, Glenn Dale, 
Maryland, from bulbs of Mediterranean origin. Mosaic is apparently wide- 
spread in a number of genera of the squill tribe (Scilleae) of the Liliaceae, 
but aifected plants are evidently salable. 

SYMPTOMS 

hi Or nit hog aliim thyrsoides young leaves show a fine mottling of light- 
and dark-green, which becomes gray or yellow and more conspicuous as the 
leaves mature (Fig. 1, A). Flower stalks are sometimes boldly marked with 
sharply contrasting light- and dark-green blotches (Fig. 1, B) . In the white 
perianth segments, longitudinal thin streaks often appear, resembling the 
streaks in narcissus flowers aceompanying narcissus mosaic. The mosaic 
patterns noted in the leaves of Ornithogalum and Lachenalia in Alabama, 
and in Galtonia BXid Hyacinthus in Oregon, were similar. In Galtonia grown 
in the greenhouse the symptoms were much milder than those noted in the 
open in Oregon. 

TRANSMISSIBILITY 

Methods 

Plants for inoculation were grown from seed in a screened greenhouse 
kept free from sucking insects by frequent fumigations with nicotine. No 
natural infections in control plants were detected during the experiments of 
three seasons. Mechanical transfers were made by rubbing extracted sap 

4 Entomologist, BiYision of Truck Crox) and Garden Insect Inyestigations, Bureau of 
Entomology and Plant Quarantine. 

2 p-ubologist, Division of Fruit and Vegetable Croijs and Diseases, Bureau of Plant 
Industry, Soils and Agricultural Engineering. 

3 Nance, N. W. Ornithogalum a%reum. Diseases of plants in 'the United States in 

1939. U. S. Dept. Agr., Bur. Plant Indus., Plant Bis. Rptr. Sui). 128, p. 368. 1940. 
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on young leaves previously dusted with carborundum powder. Aphids were 
reared in a separate insectary greenhouse. A nonviruliferous colony of 
Aphis gossypii Glover was maintained on chrysanthemum {Chrysanthemum 
hortorum L. H. Bailey), colonies of Myzus persica e Bulz. and of Macro- 
siphtm solanifoUi Ashm. on snapdragon {Antirrhinum majus L.), and 
colonies of Macrosiphum lUii Monell and of Myzus circumflexus Buekt. on 
virus-free seedlings of Easter lily {Lilium longiflorum Thunb.). 

In early experiments aphids were transferred by brush to separate 
infected source plants in cages, where they were left for 24 hours or, if on 


Fig. 1. Symptoms caused by Oriiithogalum-mosaie virus iu Ornithogalum ihyrsoides. 
A. Leaf mottling, transmitted by Myz%s persicae, in comparison with leaf of a control 
plant. B. Blotching of a flower stalk, transmitted by Macrosiphum solanifoUi, in com- 
parison with control. 

fayorable food plants, until needed. In later experiments the aphids were 
transferred to pieces of leaves taken from the source plants and placed in 
Petri dishes, where they fed for 1 to 3 hours. In transmission trials pieces 
of leaves of the source plant on which aphids were feeding were transferred 
to pieces of paper resting on the foliage of plants that had been brought to 
the insectary greenhouse and caged for this purpose. After 7 to 32 days on 
such test plants the aphids were destroyed by spraying or dipping in a 
pyrethrum preparation. The test plants were then returned to the insect- 
free greenhouse for observation. 

Aphis gossypii fed readily and increased freely on Ormtlwgalum mdi 
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Easter lily. Myzus persicae from snapdragon and M, ciroumflexiis from lily 
were readily transferred to Ornithogalum^ where they fed on leaves and on 
flower parts in varions stages of development. Macrosiphum solanifoUi fed 
readily and established colonies on hyacinth and Ornithogalum; fed for 
several days, but failed to establish colonies on Galtonia candicans^ Aga- 
panthus africanus (L.) Hoff mg., and Pancratium maritimum L. Macro- 
siphuni lilii bred continuously in large numbers on Ornithogalum and on 
Easter lily, but fed sparingly on Zephyranthes sp. All aphids in these tests 
died within 2 days on onion (Allium cepah.). 

Experimental Kesults 

Experimental transfers of the virus from Ornithogalum thyrsoides to 
seedlings of this species are listed in table 1. Transfer by sap, using the 
carborundum-leaf -rubbing technique, proved difficult. Three of 8 trials 


TABLE 1. — Transmission of Ornithogalum mosaic virus from Ornithogalum thyr- 
soides to 0. thyrsoides seedlings 


Method of transfer 

• 

Number 
of aphids 
per trial 

Number 
of trials 

Proportion 
of plants 
iiifecteda 

Minimum 

incubation 

periodb 

Mechanical 1 


8 

1 

6/75 

Days 

32 

Aphis gossypii 

105 

1 

5/5 

17 

Macrosiphum lilii 

265 

1 

5/5 

10 

Macrosiphum solanifoUi ... 

75 

1 

5/5 

31 

Mysus circumflexus 

40 

2 

4/10 

34 

Mymis persicae 

20-300 

10 

46/46 

10 


a Number of plants infected over number exposed. 

Interval between inoculation and appearance of symptoms. 


were failures, and in the best trial only 2 of 10 plants became infected. No 
advantage was found in extracting the sap with phosphate buffers adjusted 
to pH 6, 7, or 8, or with 1 per cent dextrose or 0.85 per cent NaCl. No 
attempt was made to determine properties of the virus because of this low 
degree of success in transfer by sap. 

All 5 species of aphids tested transferred the virus, and all except Myzus 
circumftexus with high efficiency. Uniform symptoms resulted from transfer 
by the several species of aphids and by sap, indicating that a single virus is 
concerned. No great importance is attached to differences in the incubation 
period, as daily records were not made on this point, and growth rates fol- 
lowing inoculation varied. Under favorable conditions the symptoms may 
appear within 10 days following aphid transfer ; much longer intervals seem 
to be characteristic of mechanical transfer. 

The virus has been transmitted also to Ornithogalum thyrsoides by Myzus 
persicae iiom a yellow-flowered variety, 0, thyrsoides var. aureuniy and also 
from Lachenaliay variety Kector of Cawston, from Alabama. Symptoms 
typical of Ornithogalum mosaic were recognized after 18 days in each of 
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these 2 tests^ all exposed plants becoming infected. Myzm persicae trans- 
ferred the Yiriis from naturally infected Galtonia cmidicmis from Oregon in 
each of 2 trials. From mottled hyacinth variety Yellow Hammer, from 
Oregon, Myziis persicae infected 6 of 10 Ornithogalum plants in 1 trial. In 
the first snbtransfer from this set to other Ornitliogalxtm seedlings, 4 of 10 
plants were infected ; but 2 later serial transfers induced mottle in all plants 
exposed. This vector failed to transmit the disease from Yellow Hammer 
hyacinth in a second trial, and failed to transfer virus from hyacinth varie- 
ties Grand Maitre and LTmiocence that showed mild mottling in leaves and 
flower stalks. Myzus persicae failed to transmit a virus from mottled red 
squill (Urgmea) to Ornithogalum in 1 trial. Macrosiphum solanif olii It 
f erred the virus from Yellow Hammer hyacinth to 1 of 5 plants of Ornitho- 
galum in 1 trial. The symptoms induced in 0. thyrsoides by the virus from 
Laclienalia, Galtonia, and Hyacinthus appear identical with those of the 
Ornithogalum mosaic virus occurring in nature. 

Attempts to transfer Ornithogalum-mosaic virus to healthy seedlings of 
other members of the Scilleae have for the most part failed or proved incon- 
clusive. Viruliferous Myziis persicae colonized on seedlings of Eucomis 
undulat a Ait. produced after 6 days conspicuous angular yellow blotches in 
2 of 3 plants. These supposed local lesions persisted for months, but 
systemic symptoms did not appear, and the virus was not returned to 
Ornithogahim thyrsoides'bY M. persicae in a trial 1 month after the original 
test. No symptoms whatever resulted from a second transfer to Eucomis 
under similar conditions. 

No definite symptoms resulted from attempted transfers of the virus to 
Galtonia by Myzus persicae and by Macrosiphitm solanifoUi, and a subtrans- 
fer back to 0. thyrsoides by Myzus persicae 2 months after exposure was 
also without effect. Myzus persicae failed to induce symptoms in seedlings 
of Camassia leichtlinii (Baker) S. Wats., Hyacinthus azureus (Feiizl.) 
Baker, Muscari iotryoides Mill, variety Heavenly Blue, and Scilla pxeruviana 
L., and failed to return the virus from inoculated plants of Camassia, 
Muscari, md Scilla. 

In other trials elBcient vector species, chiefly Myzus persicae, failed to 
transmit Ornithogalum-mosaic virus to the following plants : Amarylli- 
daceae — Pancratium maritimum, ZepJiyranthes sp. ,* Iridaceae — Tritonia 
crocata (L.) Ker. ; hilmceaLe—Agapanthus africamis, Allium cepa (onion), 
varieties California Early Red, Utah Sweet Spanish, A. cernuimi 
A. fishdosum Li., A. porrum L., Gloriosa rothschildiana 0 Hrien, Lilmm 
formosanum Stapf., and L. longiflonm. Mechanical inoculations of L. for- 
mosanum, L. longifiorum, Tulipa gesneriana L., variety Clara Butt, and 
Nicotiana L. variety Sa^sun (Turkish), resulted in no infection. 

Attempts to transfer the virus from Ornithogalum to tulip by aphids have 
yielded inconsistent results. Flower breaks of types produced by tulip 
viruses resulted from 3 transfers of Myzus persicae, but not from 4 other 
trials. The virus was not returned from tulip to Ornithogalum hj ^ M 
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persicae in either of 2 trials conducted. Myzus a proved vec- 

tor of Ornitliogalum mosaic virus, failed to carry this virus from Orni- 
thogalum to tulip in one experiment. Inasmuch as available stocks of 
tulips carry some breaks, and as M. persicae is an efficient vector of tulip- 
break viruses it is possible that this species has accomplished the spread of 
tulip-break viruses occasionally present as contaminants, rather than the 
apparent transfer of Ornithogalum mosaic virus to tulip. The suscepti- 
bility of tulip to this virus must, therefore, be considered in doubt. 

The following inoculations from diseased plants to Ornithogalum thyr- 
soides seedlings were without effect: Cucumber mosaic by sap (subinocula- 
tions to tobacco negative) ; iris mosaic by Macrosiphum solanifolii; mottle of 
Easter lily by Myzus persicae and also by sap (subinoeulation to Lilium 
formosanuni negative) ; Easter lily necrotic fleck complex by Aphis gossypii 
(sub inoculations to tobacco and L. /am negative) ; narcissus white- 
streak'^ by M. persicae; and onion yellow dwarf by M. persicae. No effect 
resulted from transfer of tulip virus 1, tulip virus 2, and lily latent virus 
from L. formosanum to Ormithogalum by M. persicae. The methods of 
transfer used have been demonstrated to be effective for the viruses con- 
cerned with the exception of that of narcissus white streak, which is not 
known to be carried by M. persicae. 

Also transmissible to Ornithogalum thyrsoides, in addition to the virus 
described herein, is a recently encountered virulent form of the mottle virus 
of Easter lily, distinguishable from the usual mottle by the reaction of 
Ornithogalum and also by severe deforming symptoms in Easter lily. The 
virulent mottle virus is also transmissible by Myzus persicae, but induces 
symptoms recognizably different from those of Ornithogalum mosaic in 0. 
thyrsoides as discussed in a separate publication.® 

The virus from Yellow Hammer hyacinth, shown above to be trans- 
missible to Ornithogalum hj aphids, and considered identical with Orni- 
thogalum-mosaic virus in the writers ^ experience, was not transmitted to 
Clara Butt tulips, to Easter lily seedlings, or to Croft Easter lilies by Myzus 
persicae. Mechanical inoculations from Yellow Hammer hyacinth to Clara 
Butt tulip, to Easter lily seedlings, to Lilium formosamim, and to Turkish 
tobacco were similarly negative. McWhorter'^ writes that the Yellow Ham- 
mer hyacinth, purchased from a commercial grower, showed characteristic 
mottling when first grown, and for 10 years thereafter. He was unable by 
mechanical methods to transfer a virus from this stock to tulip, to Trifolium 
mcarnatum L., to Vida faha L., or to an apparently virus-free blue-flowered 
variety of hyacinth. He concluded that a transitory mottling induced in 
some Easter lily seedlings was a shock reaction. He failed to produce any 
symptoms in hyacinths on inoculation with Tulip virus 1 from tulip, or with 
lily-mottle viruses of the tulip group from Lilmm candidtmi L. and L. 

^ Source material from P A. Haasis. 

Source material from P. P. McWhorter. 

6Bi*ieiTey, Philip, and Ployd P. Smith. Studies on lily virus diseases: the mottle 
group. (In press.) 

" Personal communication from P. P. McWhorter. 
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mart agon L. He, therefore, agrees with the writers that the yiriis from 
Yellow Hammer hyacinth is not transmissible to lily or tulip, and that the 
usual lily and tulip viruses do not affect hyacinths. 

DISCUSSION 

Atanasoff® described mosaic symptoms in species of Hyacinthiis and of 
Muscari that he considered due to ^Hhe mosaic disease of bulb plants,’’ 
affecting various other members of the Liliaceae, Amaryllidaceae, and 
Iridaceae. He reported further that '^'the mosaic disease of tulips, hya- 
cinths, and narcissi passes easily to narcissus and tulip.” This implication 
that various distantly related bulbous plants are subject to a common mosaic 
disease has not been supported by more recent studies of Haasis® and of the 
writers. 

All proved suscepts of the Ornithogalum-mosaic virus are members of 
the tribe Scilleae of the Liliaceae. Even within this tribe several species 
appear to be refractory to infection, including the Heavenly Blue variety 
of Muscari lotryoides. Three species of Muscari were reported subject to 
mosaic by Atanasoff.® Perhaps the present failure to infect other genera 
of the Scilleae with this virus should be discounted in view of the difficulty 
of producing infection in Galtonia candicans, which seems subject to the 
same virus in nature. No explanation is evident for this difficulty of inter- 
generic transfer by vectors highly efficient in transfer within certain species. 
It was observed, however, that aphids transferred from Orniiliogalum, a 
favorable host plant, to Galtonia failed to settle down and feed, at least for 
some time. It seems possible that during this interval the insects might 
lose the virus and fail to cause infection even though they feed later. Trans- 
fers from hyacinth Yellow Hammer to Ornithogalum were also erratic. A 
virus apparently identical with Ornithogalum-mosaic virus occurs in hya- 
cinths, but it is uncertain whether this virus is identical with that of the 
hyacinth mosaic of other writers.® 

Ornithogalum-mosaic virus shows no indication of relationshij) with the 
viruses of Allium or with those of the Iridaceae. Some relationship with 
the tulip-breaking group that causes mosaic diseases of tulip and lily is sug- 
gested. Symptoms occasionally induced in tulip on transfer from Otmi- 
thogalum by Myzus persicaCj while not accepted as wholly conclusive, 
resemble the effects of some of the tulip-breaking group. One of the tulip- 
breaking group (virulent mottle of Easter lily) has been shown to affect 
Ornithogalum. On the other hand Macrosiphum lilii and Myzus circum- 
flexus^ proved vectors of Ornithogalum-mosaic virus, have not transferred 
viruses of the tulip-breaking group in the writers’ tests. If a close relation- 
ship exists between the Ornithogalum-mosaic virus and the tulip-breaking 
viruses consistent transfer between tulip and Ornithogalum might be ex- 

8 Atanasoff, D. Mosaic disease of flower bulb plants. Bull. Soe. Bot. de Bulgarie 2 : 
51-60. 1928. 

■9 Haasis, F. A. Studies on nax*cissus mosaic. New York (Cornell) Agr. Exp. Stat. 
Mem. 224. 22 pp. 1939. 
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pected by M. persioae, which is an efficient vector of both, and feeds freely 
on both Oniithogahim and tulip. 

The identity of Ornithogalum-mosaic virus with the long-known but 
inadecpxately described hyacinth mosaic virus cannot be established without 
return inoculation to virus-free hyacinths. Virus-free hyacinths presuma- 
bly can be produced from seed, but this procedure is too time-consuming to 
be undertaken at present. Since Ornithogalum-mosaic virus is considered 
sufficient!}^ distinct from the previously known viruses to stand as a separate 
entity, the technical name M armor scillearum is proposed, to indicate that 
it is known to occur only in certain members of the tribe Scilleae of the 
f amily Liliaceae. 

Control of mosaic in Galtonia, HyacinthiiSy Lachenalia^ and Orni- 
ihogalu m promises to be difficult. In view of the number of effective vector 
species, culture of seedlings at a distance from bulb-propagated suscepts 
offers most promise of success. This suggestion is supported by the fact that 
no evidence of seed transmission of Ornithogalum-mosaic virus was detected 
in 143 seedlings of Ornithogalum thyrsoides from mosaic-affected parents. 
It is of practical value to know that this common disease of minor bulbs is 
no menace to lilies or to onions. Ornithogalum thyrsoides^ easily grown 
from seed, is of some technical interest as a test plant for viruses occurring 
in other monocotyledonous plants. 

SUMMARY 

A mosaic disease of Ornithogalum is described. The virus is transmis- 
sible with difficulty by sap, with a high degree of efficiency by Aphis gossypii, 
Macrosiphum lilii, Macrosiphum solanifolii, and Myzus persicae, and with 
somewhat lower efficiency by Myzus circumflexus. Viruses indistinguish- 
able from this, at least in Ornithogalum, have been transferred from natu- 
rally infected plants of Galtonia candicans, hyacinth, and Lachenalia sp. 
The proved host range of the virus includes only species of these genera, 
and possibly of Eiccomis, all members of the tribe Scilleae of the Liliaceae. 
The common name Ornithogalum-mosaic virus and the technical name 
Marmor scillearum are proposed. 
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PHYTOPATHOLOGICAL NOTES 

Beaction of Lycopersicon spp. to Spotted Wilt.— Spotted wilt of tomatoes 
is sufficient!}^ widespread and destructive in certain parts of the world to 
justify a search for resistance. Investig*ations by D. E. Porter (unpub- 
lished), made prior to the experiments reported herein, have established that 
one strain of Lyeopersicon pimpinelUfolvmn is resistant to spotted wilt under 
conditions of natural infeetion. Wenholz^ has reported briefly the resis- 
tance of this species and of an unnamed Peruvian type. The following are 
additional observations on the resistance to spotted wilt of certain tomato 
species. This report is based on field infeetion only and plants were classi- 
fied as to disease reaction solely on the basis of visible symptoms. 

During the summers of 1942 and 1943, plots were located at the trial 
grounds of a seed company at Salinas, California, where extensive plantings 
of ornamentals provide an excellent source of spotted-wilt-infective thrips. 
In 1942 all 104 plants of various strains of Lyeopersicon esGulentnm and 
hybrids with Porter^s L. pimpinellifolmm strain were diseased. Of 19 
plants of one strain of L. Mrsiitum (fF 1. 134,417), all were infected. 
Twenty-one plants of L. pimpinellifoliurn (Porter^s strain) were tested and 
none showed signs of spotted wilt. Forty-eight plants of 5 strains of L. 
peniviamvm (P.I. 126,930, 126,944, 126,946, 128,659 and 129,146) were 
planted and remained disease-free. 

In 1943, 39 plants of 41 from known susceptible lots of Lycoperiscon 
esctilentum and hybrids became infected. One of two selections of the Ger- 
man Sugar variety (L. esctilentum) , obtained from "W. A. Frazier of the 
University of Hawaii, showed a high degree of resistance (3 out of 10 plants 
diseased), while the other selection w^as susceptible. Ten plants each of two 
lots of L. pimpinellifolmm y Porter ^s strain, and the Fusarium-immune Acces- 
sion 160 of Bohn and Tucker^ were planted. Porter’s strain remained free, 
from spotted wilt as in previous years while 6 of the 10 plants of Accession 
160 were diseased. Of 4 lots of 10 plants each of U, peruvimmm (P.I. 
126,928, 126,944, 128,657 and 128,660) one plant of P.I. 128,660 probably 
was diseased. The Fi hybrid of U. escidentum hnd L. pimpinellifolmm ^ 
Ac. 160, was susceptible, as were 5 back-cross lots of L. esculent iim to the 
above hybrid. All 69 plants of these hybrids were diseased. 

The 2 years’ tests confirm the observatioiis of Porter and of Wenholz 
regarding tlie resistance of Lyeopersicon pimpinellifolmm. In addition the 
Peruvianum species exhibits a high degree of resistance. The resistance of 
L. peruvianum is difficult to use because this species does not cross readfly 
with the cultivated tomato, although this has been accomplished by an 
embryo culture technique (to be published elsewhere). The susceptibility 

1 Wenholz, II. Spotted wilt of tomatoes. Breeding for resistance. Hawkesbtiry 
Agr. Coll. Jour. 36: 103. 1939. (Plant Breed, Abs, 10 (1) : 65. 1940.) 

2 Bohn, G. W., and C. W. Tucker. Studies on fusarium wdlt of the tomato. Immunity 
in Lyeopersicon pimpmelUf oUum Mill, and its inheritance in hybrids. Missouri Agr. Expt. 
Stat. Ees. Bull. 311. 1940. 
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of one of the two strains of I/. pimpinellifoUum shows that this species is not 
uniformly resistant. The resistant German Sugar variety of L. esmlentum 
may have promise of hybridization. The appearance of the German Sugar 
suggests that this variety may have had a resistant strain of L, pimpinelli- 
folium as an ancestor.— Paul G. Smith, Division of Truck Crops, University 
of California, Davis, California. 


Witches^ Broom of Beans . — An unreported abnormality of beans was 
observed at Tucson, Arizona, October 14, 1943, in a victory garden contain- 


Fig. 1. A. and B. A string-bean plant and a portion thereof showing witches’ broom. 
0 and D. A Lima-bean plant and an affected portion. E. One normal and several abnor- 
mal pods. The two lower rows of affected pods show considerable wrinkling. 
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ing six 20-foot rows of string beans. Four plants had an excessive multipli- 
cation of branches resulting in symptoms identical to those described for 
witches^ broom. Figure 1, A, illustrates the appearance of an aifected plant, 
while Pig. 1, B, shows a portion of this plant. Pods on the affected parts 
were small and many were wrinkled. On November 18, 1943, the same 
abnormality was observed in another Tucson victory garden containing six 
16-foot rows of Lima beans. Only one plant (Fig. 1, C) showed symptoms 
of witches’ broom. Figure 1, D, illustrates a portion of the abnormal Lima- 
bean plant. The affected pods (Pig. 1, E) were l-^V inches long as 
compared to a normal pod (Pig. 1, E) measuring Sfi inches. Approxi- 
mately two-thirds of the affected pods were wrinkled. 

Climatic conditions at certain locations in southern Arizona are favor- 
able for spring and fall crops of beans. According to the owners of the 
victory gardens, their spring beans did not show symptoms of witches’ 
broom. In case of the string beans, the seed for the spring and fall plant- 
ings were taken from the same package. — ^William 6. Hoyman, Emergency 
Plant Disease Prevention Project, Department of Plant Pathology, Uni- 
versity of Arizona, Tucson, Arizona. 

The Perennial Tree Onion a Carrier of Onion-Yellow-Dwarf Virus. — The 
perennial tree, top, or topset onion (Allium oepa L. var. viviparum Metz.) 
is grown rather widely through the northern tier of States, especially in 
home gardens, as an early green onion. It is found frequently in gardens 
in the area of commercial-onion culture in New York State, and is occa- 
sionally grown as a market-garden crop in the North, in fields of an acre or 
more. NewhalP has shovn that this variety is a factor in overwintering of 
onion mildew (Peronospor a destructor (Berk.) Caspary). Circumstantial 
evidence suggested to H. A. Jones that the tree onion was concerned also in 
the overwintering of onion-yellow-dwarf virus (Allium virus 1 (Melhus) 
Smith, Marmor cepae Holmes). Accordingly, 13 plants from New York 
were supplied to the writers in December, 1942, for the purpose of deter- 
mining the presence of virus and the symptom expression of onion-yellow- 
dwarf virus in this variety. 

Planted in pots in a greenhouse on December 7, 1942, 4 of 13 plants 
showed mild yellow streaking at the bases of young leaves on January 1, 
1943, but no further confirming symptoms developed on continued growth 
through November 17, 1943. My ms persicae (Sulz.), fed on leaves of 5 tree 
onions and transferred to 5 California Early Bed seedlings on December 24, 

1942, induced strong typical yellow-dwarf symptoms in 1 of 5 test seedlings, 
recognizable after 14 days and persisting thereafter. On the same date, 
yellow-dwarf virus from Oregon was inoculated into 5 tree onions by M. 
persicae. No symptoms sufficient for diagnosis appeared up to March 1, 

1943, when the same 5 plants were reexposed by M. persicae to yellow-dwarf 
virus out of multiplier onion (Allium cepa. var. solaninum Alef.), from 

^ Newliall, A. G. Tlie spread of onion mildew by wind-borne eonidia of Peronospor a 
■dcsiructor. Phytopath. 28: 257-269. 1938. 
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West Virginia. No reliable symptom expression was detected on continued 
growth to October 20, 1943, when the 5 plants twice exposed to yellow-dwarf 
by aphids and the 8 plants not experimentally exposed were indiyidnally 
indexed by the carborundum leaf -rubbing method, 5 Galifornia Early Red 
sets serving as test plants for each tree onion inoculation. 

These tests showed 6 of 8 noninoculated tree onions infected with yellow- 
dwarf virus, as well as 5 of 5 that had been inoculated by aphids. • In the 
tests of tree onions that proved positive, from 1 to 5 of the inoculated Early 
Red sets were infected, while a parallel transfer of yellow-dwarf virus from 
West Virginia multiplier onions to sets of the same lot by the same method 
produced 148 infections in 150 sets inoeulated. No yellow-dwarf has ap- 
peared in control seedlings or sets cluring 2 seasons' tests. The lower pro- 
portion of transfer from the tree onion may indicate that the virus concen- 
tration in this tolerant variety is lower than in less tolerant onions, but no 
evidence was found that the New York virus from tree onion was less viru- 
lent than the West Virginia virus from multiplier onion. Two tree onions 
yielded no virus in these index trials. If repeated indexing reveals no virus 
in these 2 plants they will serve to produce a virus-free stock of this variety. 

The tree onion is essentially a symptomless carrier of yellow-dwarf virus, 
for no symptoms sufficient for accurate diagnosis were detected during 11 
months’ growth in the greenhouse in plants thus shown to be infected. The 
multiplier onion, also grown as a winter onion in gardens, expressed typical 
yellow-dwarf symptoms in 7 of 12 plants received from West Virginia in 

1942. Both varieties of winter onions, the tree and the multiplier, are 
capable of overwintering the yellow-dwarf virus. In the multiplier variety 
diagnosis can be made as readily as in commercial varieties, but this is not 
the case with the tree onion.— Philip Brierley and Floyd P. Smith, Plant 
Industry Station, Beltsville, Md. 

A Simplified Method of Growing Plants with Boots in Nutrient Vapors . — 
To facilitate studies^' ^ of Phytophthora infections and of the toxicity of 
various concentrations of nitrite and other ions on citrus and avocado roots, 
the apparatus shown in figure 1 was assembled. This consists of a 12-liter 
cylindrical glass jar containing 3 liters or less of nutrient, which is recircu- 
lated in vapor form over the suspended roots by means of a DeVilbiss atom- 
izer operated with air pressure. To the intake of the atomizer is attached 
a glass tube, which extends to the bottom of the jar. Clogging of the atom- 
izer by sloughed root material is prevented by filtering the nutrient entering 
the intake through Py rex glass wool. 

Several obvious advantages of the method are that it permits easy inocu- 
lation and examination of the roots, supplies abundant aeration, and readily 
allows the use of any number of cultures in separate containers of any suit- 

1 Klotz, L. J., and V. P. Sokoloff. The possible relation of injury and death of small 
roots to decline and collapse of citrus and avocado. Citrus Leaves 23; 1, 2, 3, and 22. 

1943. .. 

2 Sokoloff, V. P., and L. J. Klotz. Distress of citrus trees in association with the tem- 
porary presence of nitrite in soil. Citrus Leaves 23: S-IO. 1943. 
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able size. It also obviates the disadvantage of dilution® because the nutrient 
is recirculated. One needs only to replace occasionally the small amount of 
solution that escapes as vapor through the holes of the plant support. If 
desired, the solution level can be maintained automatically with a fount-type 
of supply vessel. The set-up also lends itself readily to use with the eon- 


Fig. 1. Apparatus for growing plants with, roots in vaporized nutrient. 

tinuous flow method^'® of supplying nutrient.— L. J. Klotz, Division of 
Plant Pathology, University of California Citrus Experiment Station, Piver- 
side, California. 

A Note on the Effects of Splash Injury in Guayule Seedlings.— 
seedlings have been grown customarily in nurseries employing overhead 

3 Carter, Walter. A method of growing plants in water vapor to facilitate examina- 
tion of roots. Phytopath. 32: 623-;625. 1942. 

4 Chapman, H. D., and George' F. Liebig, Jr. Adaptation and use of automatically 
operated sand-culture equipment; Jour. Agr. Ees. 56: 73-80. 1938. 

3 Eaton, Frank M. Automatically operated sand-culture equipment. Jour. Agr. Res. 
53:433-444. 1936. 
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irrigation systems. This method of watering sometimes produced an injury 
resulting in high loss of young seedlings in the cotyledon stage. For want 
of better name this has been called “splash injury.” A brief investigation 



Fig. 1. Sections of splash4njured guayule cotyledons. A, Uninjured cotyledon. 
1, B-F. Various degrees of injury. Magnification about 75 x. 


was Tindertaken to determine (a) the anatomical nature of the injury, and 
(b) whether microorganisms were present in the injured tissues. 

Seedlings showing various degrees of injury were collected from the 
Alisal Nursery at Salinas, California. They were fixed in form-propriono- 
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ethanol, dehydrated by means of tertiary butyl alcohol, and stained by the 
safranine-fast green method of Johansen and the differential fungus-host 
stains of Ikata and Margolena. The above methods were carried out accord- 
ing to the directions of Johansen ’s Flant Microiecliniqits. Observations were 
restricted to sections of cotyledons, as little of the material collected showed 
injury below the cotyledonary node. 

External symptoms of irrigation-splash injury are principally a browm 
discoloration and withering at the tips and edges of the cotyledons. In 
severe cases the entire cotyledon, as well as the hypocotyl, are affected. 

Various degrees of injury can be seen in the photomicrographs of sections 
of cotyledons. A portion of an uninjured cotyledon is shown in figure 1, A. 
Injury usually appeared around the edges of the cotyledon first (Pig. 1, 
B, D) and then progressed inwards. It sometimes involved the entire eoty- 
ledoii more or less simultaneously (Fig. 1, E). In either case the final result 
was the complete collapse of practically all of the parenchyma cells in the 
cotyledon (Pig. 1, P). 

The collapse of cells is preceded by plasmolysis (Pig. 1, E, F) and cytoly- 
sis (Pig. 1, B, 0, E). 

No evidence of microorganisms was observed in the cotyledon sections or 
in the cotyledonary node and hypocotyl sections. The immediate cause of 
the injury is, therefore, presumed to be nonpathogenic, brought about in 
some manner, either by the soil or by water striking the plant or accumu- 
lating around it. — Fredrick T. Addicott, Guayule Research Project, Salinas, 
California, 

A Severe Necrosis Caused ly Bean-Mosaic Virus 4 on Beans. — It was 
shown that bean mosaic virus 4 (Marmor laesiofaciens Zaum. and Harter) 
causes only local infection on some varieties and only systemic infection 
on others, manifested by a leaf mottling.^ The varieties susceptible to local 
infection are immune from systemic infection, and the systemic infected 
varieties show no local lesions. 

A third type of response was recently noted in a strain of the Blue Lake 
variety. Instead of the local lesions that are produced by the virus on most 
strains of the variety (Fig. 1, A), small, sometimes indistinct necrotic lesions 
were observed on the inoculated leaves, mostly in the region of the veins and 
veinlets (Pig. 1, B). These varied from small, pin-point, dark spots to 
slightly larger necrotic areas. In some cases only a few lesions were visible, 
whereas in other cases they were fairly numerous and well-distributed over 
the entire inoculated leaf. This effect was followed in some instances by a 
veinal necrosis of varying degrees, depending upon the extent of the infec- 
tion. Such leaves frequently were killed more rapidly than similar leaves 
on which only local lesions were produced. A similar type of response was 

1 Zaumeyer, W. J., and L. L. Harter. Two new virus diseases of beans. Jour, Agr. 
Ees. [U. S.]67: 305-328. 1943. 
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Pia. 1, Variations in symptoms produced by bean mosaic virus 4 on several varieties, 
A. Local lesions on Pinto. B-E. Effects on a strain of Blue Lake. B, 0, necrosis of a 
primary and a trifoliate leaflet, respectively,* B, systemic infection of trifoliate leaflets; 
E, rosetting of trifoliate leaflets and discoloration of stems and petioles. 
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reported by Holmes^ in a few varieties of pepper infected with the ordinary 
tobacco mosaic virus {Marnior tahaci , 

About 10-12 days following these symptoms, irregularly shaped, reddish, 
necrotic spots appear, most frequently on the upper side of one or more of 
the trifoliate leaflets (Pig, 1, C). On the underside, the veinlets become 
reddened, although this effect is frequently noticeable on the upperside as 
well. Another characteristic symptom is a drooping of the infected leaflets 
at the pulvini. Although an entire leaflet may show this necrosis, it is 
common to note the infeetion on only one side of the midrib (Pig. 1, D), 
Growth may be almost completely stopped on the necrotic side and thus the 
leaflet becomes distorted and curls toward the affected portion (Pig. 1, D). 
In some instances only one leaflet is so affected, whereas in other eases similar 
symptoms develop on all of the leaflets. Infected leaflets may die, while 
others may be severely malformed, puckered, and much smaller in size than 
normal ones (Pig. 1, D). 

The stems and petioles of infected plants always show a darkening or a 
dark, reddish streaking, followed by a slight shrinking. 

Another, although less common, type of symptom is characterized by the 
failure of the young trifoliate leaves to develop, or else when they do develop 
they become extremely rosetted (Pig. 1, E). They are chlorotic, thickened, 
and brittle. The internodes are very short, somewhat shrunken, darkened, 
and extremely brittle. The internal tissues also are necrotic. Such plants 
frequently remain in this condition for several weeks before dying. 

Usually, those plants that showed the greatest amount of necrosis on the 
inoculated primary leaves were the first to show the systemic necrosis on the 
trifoliate leaves. Certain inoculated plants that did not show necrotic spots 
on the primary leaves, manifested a less severe type of necrosis on the tri- 
foliate leaves, which appeared later than on plants developing the necrosis 
on the primary leaves.— W. J. Zaumeyer and L. L. Harter, Division of 
Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, Soils, 
and Agricultural Engineering, Agricultural Research Administration, 
Plant Industry Station, Beltsville, Md. 

2 Holm^, H. O. Inheritance of resistance to tobacco mosaic disease in the pepper. 
Phytopath. 27: 637-642. 1937. r 
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Naumov, N. A. M^havchina KhlednyJch Zlakov v SS8E. [Musts of Cereals in US SB], 

Gosud. Izdat. Kolkh. i Sovkh. Liter., Moscow and Leningrad. 401 pp. 64 figs., 1939. 

18r. 50 k. (With chapters on varietal resistance to rusts, selection for rust resis- 
tance, and control by agrotechnical methods by E. E. Geshele, and one on damage 

from rusts by A. A. Shitikova-Rusakova.) 

That cereal rusts are no less a problem in the Soviet TJnion than ^Gn capitalistic coun- 
tries^’ is evidenced by such rust losses as 24 per cent (111,000,000 bushels) of the wheat 
crop and 26 i^er cent (140,000,000 bushels) of the oats crop in 1933 in but two of the many 
cereal-producing provinces in Russia. Recognition of the importance of this problem led 
to the regimentation of Russian phytopathologists and agronomists, beginning some 15 
years ago, in an integrated program of developing means of rust prevention. Throughout 
the past decade the cereal rust literature has been enriched by an increasing influx of prac- 
tical and theoretical contributions from the Russian workers, many of them original, stimu- 
lating, and valuable. 

Naumov’s Rusts of Cereals in USSR,” the first comprehensive work of this charac- 
ter since that of Yachevski, 35 years ago, comes as a welcome introduction and guide to this 
new pathological activity. With its background, it is to be expected that the prevailing 
emphasis of the book is on the practical problem of rust control, yet the theoretical bases of 
rust etiology and control are not neglected. 

Following three chapters dealing with the practical significance of rusts, their develop- 
mental cycles, and the significance of heterothallism, there is an extended treatment of the 
nature and methods of estimation of rust damage, a field in which Naumov, Shevchenko, 
Rusakov and his coworkers, Ruzinov, and other Russians have made notable, though not well- 
known contributions. 

The following six chapters deal with the nature of rust resistance, varietal suscepti- 
bility of cereals to rust, and relation to environment, specialization, and mycology of the 
cereal rust fungi. Fuccinia graminis, F, iriticina, F. glumarum, and P. coronifera are 
individually treated in detail, while P. dispersa and P. anomala are touched on briefly. In 
Russia the most destructive of these is considered to be Fuccinia triticinay the leaf rust of 
wheat. On page 33, the author states : ‘ * Brown rust (in comparison with stem and stripe 
rusts) occupies a much wider range in Russia, is better adapted to the climate, appears 
earlier, develops more quickly, and isn’t afraid of the weather,” while (p. 204) ^^as for 
its economic significance, this species of rust is considered the most important and brings 
about the most substantial damage to wheat in all the regions where it is met with. In 
this regard the importance of P. triticina is dominant, even over that of P. graminiSy if we 
do not count relatively few regions where the economic significance of the two species is 
locally reversed. ” 

Thirty pages are devoted to ei^iphytology, another phase in which the Russians, in 
particular Stepanov, have made noteworthy contributions. Features of cereal rust epi- 
phytology in Russia include: relative unimportance of alternate hosts except locally; long- 
distance air transport of urediospores, as from Manchuria to Amur province in Siberia ; 
survival of rusts in winter grain fields where the latter are protected by snow cover, forest 
strips, or features of the microrelief ; and local dissemination from winter to spring cereals. 

Species of TJialictrum play no part in the epiphytology of wheat leaf rust in Russia. 
The author recoimts the work of Brizgalova, who has shown that in Eastern Siberia Iso- 
pyrim fumanoides is a functioning intermediate host for this rust. On the basis of this 
work, Fuccinia triticina is divided into two varieties, var. isopyri for the East Siberian 
form and var. tritiei for the fungus as known elsewhere in the world. The variety isopyri 
is based on its specialization on Isopyruniy its limited geographic range, and the early 
production and extended period of maturity of its teleutospores. Since the reaction of 
^/P. triticina YSiY. triticU* on Isopyrum hsis not been tested, the behavior of the teleuto- 
spores may be merely a reaction of the typical fungus to Eastern Siberia’s rigorous climate, 
and geographic range alone is not a valid basis for varietal distinctions, it appears to the 
reviewer that this varietal separation lacks experimental verification. 

In coiitrol of cereal rusts in Russia, the greatest emphasis is laid on breeding for rust 
resistance and agrotechnical (cultural) methods. Eradication of alternate hosts is con- 
sidered to be of local importance only, and sulphur dusting, which has been the subject 
of study by a number of workers (Shitikova-Rusakova, Rusakov, Zaitseva and Popova, 
Brizgalova) has not developed to a point of economic significance. Considerable success 
has been achieved in breeding and selection. The work is carried out under specific in- 
structions of the All-Russian Institute of Plant Husbandry, which includes a formal pro- 
gression of new strains from breeding nursery to selection nursery, control experiments, 
preliminary (yield and quality) tests, and, finally, competitive tests at various stations. 
In the first two nurseries, selection for rust resistance is by observation only, in the last 
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three, accurate measurements of rust are employed. Breeding and selection have resulted 
in the production of a number of rust-resistant high-yielding, and adapted strains, in- 
cluding Zarya, and selections from Triticum erythrospermmn, fernigineum, caesium, and 
lutescens and from the American wheats Marquis, Kanred, Kanred x Bulcaster, and Illiiii 
Chief. 

Rust control by cultural methods, in addition to practices common in the United States, 
includes isolation of fields of winter cereals, early sx3ring harrowing of winter cereals, and 
vernalization of spring-cereal seed (which favors rust-escape by advancing the date of 
maturity). 

Finally, two chapters are devoted to techniques of working with rusts in the labora- 
tory, field, and nursery. 

The extensive bibliography includes approximately 600 Russian and 1250 non-Russian 
titles, and is useful as a check list; however, it is poorly correlated with the text. A high 
percentage of the works referred to by author and year in the text cannot be found in the 
bibliography, and many of these represent important bibliographic omissions. An addi- 
tional difficulty is illustrated by the reference on jDage 232 to Gorlenko, 1934. ’! There 
are 5 papers by Gorlenko in 1934 listed in the bibliograx>hy ; this problem recurs frequently. 
There is a 4-page index. 

The book is printed on a grade of paper resembling news print, and in a few cases the 
type is poorly legible ; however, the illustrations, a majority of which are from American 
works, are sufficiently clear. It does not appear possible to purchase the booh in the 
United States, but it may be ordered from Russia through the Four Continent Book Corp., 
253 Fifth Ave., New York, N. Y. A translation of sections on epiphytology is available 
in the libraries of the U. S. Dept, of Agriculture, the University of Minnesota, and Okla- 
homa Agricultural and Mechanical College. — K. Starr Chester, Oklahoma Agricultural 
and Mechanical College, Stillwater, Okla. 


EEPOET OF THE 35TH ANNUAL MEETING AND WAE 
CONPBEENCE OF THE AMEEICAN PHYTO- 
PATHOLOGICAL SOCIETY 


Tlie 35th annual meeting and war confereiiee of Tlie American Phytopathological 
Society was held at The Neil House, Columbus, Ohio, from December 4 to 6, 1943. 
Fifty-eight papers were accepted by the editorial committee and presented at the meeting. 
Outstanding was the general interest in all of the sessions and the brisk discussions fol- 
lowing presentation of the papers and during special conferences. Approximately 200 
members attended the meeting. 

The Phytopatliologists ^ dinner was held Sunday evening, December 5, at The Neil 
House. A delightful and informal program was enjoyed. 

The special conferences and discussions included a ‘^fungicide discussion session,’’ 
the object of which was to discuss the problems of copper and organic fungicides. A 
round-table conference on the ^'emergency plant disease program” included progress 
reports and discussions of needed research and extension based on results of the surveys 
and more accurate measurements of plant disease prevalence and losses. A report of 
^rinsect pest surveys” of the Bureau of Entomology and Plant Quarantine was also 
given. A symposium of ^ ‘ vegetable seed-borne diseases ’ ’ was held with discussion 
centered around the changing scene of vegetable seed production as influenced by the 
unprecedented demands brought about by lend-lease requirements and Victory gardens. 
A special session was devoted to the activities of the war committee.” This discus- 
sion included the history of the war committee and the present major objectives. This 
was followed by reports of regional committees and sub-committees of the war com- 
mittee with considerable discussion from the floor. A conference sponsored by the ^ ^ exten- 
sion work and relations committee ’ ’ included an open-informal discussion on the ^ ^ possi- 
bilities for the plant pathologists to increasingly aid in the war effoi-t, ” and ”how the 
extension work and relations committee could help the pathologists in 1944.” A con- 
ference sponsored by the Special Committee ^ ^ Coordination in cereal and vegetable seed 
treatment research” included summaries by the various sub-committees plus discussions 
and suggestions on seed treatments of vegetables, corn, small grains, forage and 
pasture crops. 

The 1943 annual meeting and war conference was considered a very successful meet- 
ing and the Society recommended that the program committee” schedule its 1944 annual 
meeting at approximately the same time of year. 

OFFICERS, REPRESENTATIVES, AND COMMITTEES FOR 1944 

Officers: 

J. J. Christensen, President (1 yr.). University Farm, Bt. Paul, Minnesota. 

J. B. Kendrick, Vice-President (1 yr.). University Farm, Davis, California. 

C. C. Allison, Secretary (3 yr. term expires 1944), The Ohio State University, 
Columbus, Ohio. 

K. M. Caldwell, Treasurer (3 yr. term expires 1946), Purdue University, West 

Lafayette, Indiana. 

Councilors: 

R. S. Kirby (term expires 1945), Pennsylvania State College, State College, Pa. 

J. G. Leach (term expires 1944), University of West Virginia, Morgantown, West 
Virginia. 

J. C. Walker (term expires 1944), University of Wisconsin, Madison, Wisconsin. 

H. P. Barss (Potomac Division), Office of Experiment Stations, U.S.D.A., Wash- 
ington, D. C. 

* 0. C. Boyd (New England Division), Massachusetts State College, Amherst, Massa- 

chusetts. 

A. 0. Plakidas (Southern Division), Louisiana State University, Baton Rouge, 
Louisiana. 

E. E. Wilson (Pacific Division), University Farm, Davis, California. 
Representatives: 

A.A.A.8. Council. 1 j. M. Hutchins, d. G. Leach. 

Division of Biology and A gTiculture, National Mcseafch Council, J. C. Walker (3 
yr. term expires June 30, 1946). 

Board of Editors, American Journal of Botany, A. A. Dunlap (3 yr. term expires 
1946). 
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standing Committees: 

Donations and Legacies. J. G. Brown, N. J. Giddings, B, L. Richards, N. E 
Stevens, R. P. White, Ohm. 

Extension Work and Belations. R. J. Haskell, G. W. Keitt, J. 0. Miller, R. H 
Porter, Otto Reinking, R. C. Rose, D. R. Sands, W. B. Tisdale, 0. I). Burke* 
Chm. ’ 

Investments. Marvin E. Fowler, L. M. Hutchins, J. W. Roberts, R. M. Caldwell 
Chm. ^ 

Necrology. M. B. Waite, A. G. Johnson, Cliin. 

Phytopathological Classics. H. H. Whetzel, Mgr., H. B. Humphrey, Editor. 

PuUic Pelations. L. M. Blank, O. 0. Boyd, K. Starr Cpiester, C. T. Gregory, 
J. H. Jensen, Prank McWhorter, A. G. Newhall, J. A. Pinckard, C s' 
Reddy, Luther Shaw, G. H. Starr, C. E. Yarwood, G. F. Weber, Chm. 
Pecogniiion of Merit. Charles Ghupp, J. G. Leach, L. M. Hutchins, J. C. Walker 
C. R. Orton, Ohm. 

Begulatory Worlc and Foreign Plant Diseases. C. R. Orton, R. P. White E C 
Stakman, Chm. / * ‘ 

Union of American Biological Societies (and Biological Abstracts) — 5 yr. term. 

0. W. Bennett, Donald Folsom, L. M. Massey, W. G. Stover; C. C. Allison 
and Helen Hart (ex of&eio), P. V. Rand, Chm. 

Special Committees: 

Coordination in Cereal and Vegetable Seed Treatment EesearcJi. C. H. Arndt 
F. J . Greaney, C. M. Haenseler, K. W. Kreitlow, L. D. Leach, R. W. Leukel^ 
J. H. McLaughlin, George Semeniuk, M. B. Moore, Chm. ' 

Fungus Nomenclature. C. M. Tucker, D. S. Welch, Erdman West, G. L. Zundel, 
J. A. Stevenson, Chm. 

Nomenclature and Classification of Plant Viruses. 0. W. Bennett, E. W. Bodine, 
Eubanks Carsner, James Johnson, H. H. McKinney, Frank McWhorter' 
Freeman Weiss, Chm. ' 

Pumcation Problems. Max Gardner, Francis 0. Holmes, A. J. Riker, Chm • 
R. M. Caldwell and Helen Hart (ex offieio). ' 

Eeorganimtion of International Cooperation. H. P. Barss, G. H. Coons J. G 
Harrar, Otto Reinking, J. A. Stevenson, E. C. Stakman, Chm. ' 
Standardization of Fungicidal Tests. M. 0. Goldsworthy, C. S. Holton J G 
Horsfall, R. W. Leukel, C. F. Taylor, H. W. Thurston, J. D. Wilson, S e’ 
A. McCallan, Chm. * 

Terminology (N omenclature) of Immunology and Use of Technical Words. Jessie 

1. Wood, N. E. Stevens, Chm. 

War Committee I. E. Melhus, E. C. Stakman, J. G. Leach, Chm. (Executive 
Committee) . ^ 

Temporary Committees for 1943: 

Auditing. H. A. Rodenhiser, S. P. Doolittle, Chm. 

Besolutions. Charles Chupp, I. E. Melhus, 0. M. Tucker, Chm. 

Society Organization. George Armstrong, R. S. Kirby, L. D. Leach, R. M Cald- 
well, Ohm. 

reports of officers, representatives and committees for 1943 

^ Report of the Secretary. At the time of our Council Meeting, February 12, 1943, 
the membership was 1086.. It now totals (December 6, 1943) 1060. This makes a net 
loss of 26 members. During the period from February 12 to December 6, 1943, 30 
on Deeember^6^^^^ membership. By action of the Society all applicants were elected 

Eight former members have been reinstated, and the Society lost a total of 64 
members: IL by resignation, 3 by death, and 50 suspended for nonpayment of dues. Of 
the full membership, 155 are paid-up life members, and one was paying $10.00 a year 
toward life membership until his payments were interrupted by conditions abroad. 

^6<^i’etary calls attention to the fact that suspended members may be reinstated 
IbavI? pying dues for the current year. Former members 

urged to seek reinstatement, if their professional work is 
directly related to plant diseases and their control. 

The Clearing Agency of the Society was continued in 1943. There are 71 aDDli- 
active file— 27 of these new during the year. One hundred three app?ma- 
employers, who made request for applications. 
Several applicants were hired by contacts made through our Clearing Agency. 
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Report of tlxe Treasurer. Statement of accounts for the year ending November 
30, 1943. 

Receipts: 

Balance from 1942 

Annual dues : 

1939-1940 $ 10.00 

1941 ... 10.00 

1942 ... 46.42 

1943 ... 2766.41 

1944 1926.90 

1945 1.00 

Voluntary dues ;. 

Donation for foreign subscription 

30-Year Index 

Sales : 

Reimbursement for checks returned by bank ..., 

Total receipts 


I 10.00 
10.00 
46.42 
2766.41 


Expenditures: 

Member subscriptions transferred to PHYTOPA- 
THOLOGY: 

1939-1940 $ 8.00 

1941 8.00 

1942 36.67 

1943 3554.16 

Transferred to PHYTOPATHOLOGY for: 

Voluntary dues 5.00 

Foreign subscription donation 5.00 

Sales 1.00 

Index 6.25 

Transferred to Sinking Fund 

Secretarial work and expenses of office of Secretary 

Secretarial work for Treasurer 

Printing ••• 

Stamps and envelopes 

Express 

Demonstration program . •• 

Bank service charge 

Checks returned by bank 


$1964.28 


$6751.76 


$3606.83 


Total expenditures 4455.48 

Balance on hand 2296.28 

$6751.76 

Sinking Fund. The Sinking Fund, the income from which is used for the support of 
PHYTOPATHOLOGY, was obtained by deposit of payments from patron memberships 
and deductions from life-sustaining membership instalments. All life-sustaining mem- 
bers, with the exception of one in Italy, have paid in full. There has been no change in 
the amount of the fund during the past year, the total remaining at $9676.00. It is 
invested as follows : 

First mortgage note deposited with McLachlen Banking Corporation for 

collection ($500.00 at 4i%) 

United States Savings Bond, Series G, 2^% 1000.00 

Invested with the following building and loan associations: 

Arlington and Fairfax Bldg, and Loan Association, 4 % 1000.00 

Columbia Permanent Building Association, 4% 520.20 

District Building and Loan Association, 3^%' 1556.78 

National Permanent Building Association, 4^ % . 2091.00 

Northwestern Federal Savings and Loan Association, 3i% 2000.00 

Perpetual Building Association, 4% 1040.40 

Prudential Building Association, 3i% (accrued interest, $14.71)..... 190.71 

$9899.09 

Less interest due PHYTOPATHOLOGY 223.09 

$9676,00 


Less interest due PHYTOPATHOLOGY 
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The Lyman Memorial Fund, obtained from voluntary contributions, now totals 
$3175,32. The whole amount is invested with the Brookland Building Association, at 


3i%. The account for 1943 follows : 

Balance on hand, December 1, 1942 $3132.57 

Dividends, December 31, 1942, and June 30, 1943 110.51 

Contributions from members 37.00 

Sale of Erwin P. Smith Memoir 5.75 


$3285.83 

Less interest due PHYTOPATHOLOG-Y 110.51 


, $3175.32 

Additional Endowment. During the past year the Committee on Legacies and 
Donations has secured as of this date (Dec. 1, 1943) and turned over to the Treasurer, 
United States Savings Bonds, Series P, having maturity value of $725, and stamps and 
cash totaling $6.50. 

Report of the Business Manager. At the close of 1942 there were 416 nonmember 
subscribers, including 6 complimentary. In 1943 there were 7 cancellations and 48 sus- 
pensions for nonpayment, a loss of 55. As there were 70 new or restored subscriptions, a 
slight net gain of i5 resulted, bringing the total subscription list to 431. The gain from 
200 to 240 in the domestic list was due in large part to the fact that 24 subscriptions for 
eventual shipment to U. S. S. R. were ordered sent to their agent in New York. There 
was also an order for 7 subscriptions to be sent to New York, for storage until the num- 
bers can be sent to The Netherlands. There Avere a few other orders for subscriptions 
for future shipment to foreign countries. Again the American Library Association has 
ordered and paid for 45 sets of Vol. 33, to be stored Avith our printers for eventual ship- 
ment to foreign countries as they may designate. These 45 are not included in the total 
subscriptions above, but are listed as sales. 


Statement of accounts for the year ending November 30, 1943. 


Beceipts: 

Balance from 1942 

Subscriptions: 

1937 $ 6.50 

1939-1941 incl 19.50 

1942 192.85 

1943 2214.50 

1944 482.35 

1945 17.00 $2932.70 

Member subscriptions: 

1939-1940 8.00 

1941 8.00 

1942 36.67 

1943 3554.16 3606.83 

Sales of back numbers (including orders for current 

numbers reserved for American Library Associa- 
tion) 999.70 

AdA^’ertising : 

1942 289.41 

1943 834.33 1123.74 

30-Year Index 227.60 

Interest on Sinking Pund : 

First mortgages 88.40 

Building and Loan* 110.10 198.50 

Interest on current funds 158.88 

Grant from Rockefeller Institute 600.00 

Allowance on reprints 466.93 

Prom authors for excess illustrations 221,54 

Part payment for article in November, 1942, issue ...... 50.00 

First mortgage note paid in full 1000.00 


$ 7010.09 


Total receipts 


11586.42 


$18596.51 

* $223,09 accrued interest left on deposit with Building and Loan Associations, 
$110.51 with Lyman Fund* 
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Expenditures: 

Printing, distributing, and storing PHYTOPATHOLOGY : 

Vol. XXXII, No. 11 $900.78 

No. 12 and Index 754.54 

Vol. XXXIII, No. 1 734.07 

No. 2 726.77 

No. 3 704.75 

No. 4 673.58 

No. 5 721.47 

No. 6 836.45 

No. 7 857.57 

No. 8 904.29 

No. 9 719.24 

No. 10 996.70 $9530.21 

Postage, PHYTOPATHOLOGY 398.57 

Secretarial work and office expenses, Editor in Chief 

Secretarial work for Business Manager 

Secretarial work for Advertising Manager 

Stamps and envelopes 

Supplies and furniture 

Printing 

Postage, 30-Year Index (part) 

Insurance on back volumes 

Reinvestment of funds, Sinking Fund 

Refund, subscription 

Check returned by bank 


Total expenditures $11846.22 

Balance on hand : 

Checking account 2091.41 

Northwestern Federal Savings and Loan 4658.88 6750.29 


$18596.51 

The 30-Year Index. In September, 1941, an edition of 1000 copies was printed. 
From a running inventory of orders we have recorded shipment of 672 copies, and 14 
copies are being held for future shipment to members and subscribers in occupied or enemy 
countries. Allowing for copies damaged or lost in transit, this should leave approximately 
300 copies on hand at the printers'. A summary of receipts and expenses, included in 
financial reports for 1941, 1942, and 1943, follows: 


Receipts: 

J Sales of index, April, 1941, to November, 1943, inclusive $3271.38 

« Expenses : 

Honoraria to editor and collaborators 762.50 

; Printing and distribution 2084.50 

Other expenses 364.80 


$3211.80 

Receipts in excess of expenditures 59.58 


Figures given do not take into consideration accounts payable or uncollectable accounts. 

Report of the Auditing Committee, as of December 1, 1943. We have examined the 
books and find them correct, with entries completely supported by vouchers. We wish to 
congratulate the Business Manager and Mrs. Meier on the clear presentation they have 
given of the financial transactions. 

Sears P. Doolittle, Chairman 
H. A. Rodenhiser 


$9928.78 

352.25 

325.00 

112.87 

36.58 

41.20 

25.75 

8.25 

3.04 

1000.00 

6.00 

6.50 


% 


Report of the Advertising Manager for 1943. During the year 1943 there were 108 
revenue-producing advertisements carried in PHYTOPATHOLOGY. These advertise- 
ments occupied 71 pages and consisted of 43 full-page, 47 half -page, and 18 quarter-page 
insertions. Seventeen commercial companies used PHYTOPATHOLOGY as an adver- 
tising medium in 1943. Gross advertising contracts totalled $1265,00. Net profit to the 
.■journal for the year, after cost of printing, secretarial expenses, agency, commissions and 
discounts are deducted, will be approximately $750, The journal would be printed regard- 
less of advertising space contracted for in each issue, hence the profit figure given above 
is the difference between the cash receipts from advertising and the estimated, addi- 
tional cost. 
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In addition to the above revenue-producing insertions, 22 nonrevenue-produeing 
advertisements were carried. These consisted of 4 full-page, 10 half -page, and 8 quarter- 
page insertions relative to Phytopathological Classics, the Society Clearing Agency, the 
30-year Index, and Biographical Memoir of Erwin F. Smith, ^ Costs of inserting the 
nonrevenue-producing advertisements were included in determining the net profit from 
advertising. 

The management has been considerably chagrined by the lack of cooperation and 
consideration shown by members of the Society directed towards securing advertisements. 
From the above figures it can readily be seen that advertising contracts could, with 
member cooperation, be great enough to aid materially in offsetting the expenses of 
publishing the journal. A plea for cooperation was made at the Thirty-Second Annual 
Meeting, but during 1943, only one lead for prospective advertising was referred to the 
Advertising Manager. Certainly the members of the Society are capable of greater 
coordinated effort and the management of PHYTOPATHOLOGY earnestly asks for 
better support in 1944. 

S. L. Hoppersteab, 
Advertising Manager 

Report of the Editor in Chief. Volume 33 of PHYTOPATHOLOGY, exclusive of 
its index, contains 1218 pages of printed matter and illustrations, classified as follows: 
One hundred eighteen articles, 49 notes, a report of the Columbus meeting of the A. P. S. 
Council in February, 2 reports of the War Committee, 3 reports of the Committee on 
Standardization of Fungicidal Tests, 2 book reviews, 139 abstracts, 250 text figures 
and 1 plate. 

Prom Lee. 10, 1942, to Nov. 30, 1943, a total of 165 manuscripts of articles, notes, 
book reviews, and reports were submitted for publication. Five manuscripts were either 
recalled by their authors or returned to them as unsuitable for publication in our Journal, 
There are now (Nov. 30) in press 34 articles and 53 abstracts. Other manuscripts on 
hand, as of that date, total 578 typewritten pages. It is estimated that there are on 
hand and accepted a sufficient number of manuscripts to fill about 660 printed journal 
pages. Of these manuscripts a considerable number, amounting to 102 pages, are in 
process of revision by their contributors. 

The quality and importance of PHYTOPATHOLOGY as a research journal depend 
in very large measure upon the character and scientific excellence of the papers we con- 
tribute. That there has been an evident improvement over the years none can denyj 
still, there is room for improvement. Much of the delay in publication of approximately 
20 per cent of all manuscripts ultimately accepted by the editors of our Journal is directly 
chargeable to the contributors. This becomes clear when we realize that final accepta- 
bility of such manuscripts has necessitated in some instances as many as three and four 
round trips between author and editor. 

By increasing the number of pages per journal number we have been able to shorten 
the interval between date of acceptance and date of publication from 9,2 months in June, 
1943, to 7.5 in November. The outlook for a further shortening is promising, partly 
because of the temporary policy of increasing the number of pages per number and in part 
because of the rather marked decline in receipt of manuscripts. We have thus far been 
fortunate in being able to receive our journal with remarkable regularity, and singularly 
free from the annoyances and embarrassments attendant upon such labor, material, and 
other conditions as are peculiar to such an extraordinary upheaval as the world is now 
experiencing. 

H. B. Humphrey 

Report of the Manager of Phytopathological Classics for the year 1943. I beg to 

submit herewith the annual report of my stewardship as Manager of Phytopathological 
Classics. 

Report for the fiscal year beginning Lecember 1, 1942, 
and ending Lecember 1, 1943 


Classics No. 1: On hand 12-l-'42 34 

Sold during year 11 

On hand 12~-1“43 23 

Classics No. 2: On hand 12-1~42 234 

Sold during year 11 

On hand 12--1--43 223 

Classics No. 3: On hand 12-1-42 326 

Sold during year 12 

On hand 12-1-43 314 
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Classics No. 4: On liaiid 12-1--42 387 

Sold during year 13 

On hand 12-1-43 374 

Classics No. 5: On hand 12-1-42 626 

Sold during year 12 

On hand 12-1-43 614 

Classics No. 6: On hand 12-1-42 712 

Sold during year 16 

On hand 12-1-43 696 

Classics No. 7 : On hand 12-1-42 762 

Sold during year 44 

On hand 12-1-43 718 

Receipts: 

Cash balance on hand 12-1-42 $358.72 

Eeceipts during year 91.10 

Total $449.82 

Expenditures: 

Postage $ 7.25 

Journal .29 

Total expenditures $ 7.54 

Balance on hand December 1, 1943 $442.28 

Due on accounts 12-1-43 17.25 

H. H. Whetzel 


Report for 1943 of the Representatives on the National Research Conncil. Ener- 
getic activity characterized the year ’s endeavor of the Division of Biology and Agriculture 
of the National Research Council to serve the Nation’s war effort and to meet present and 
future problems growing out of the world conflict. Most of the Division’s many com- 
mittees were functioning with accelerated momentum on wartime objectives. A number 
of important conferences were called during the year to consider various problems growing 
out of the war. The following necessarily limited report covers only partially the Divi- 
sion ’s work. 

At the Annual Meeting held April 10, 1943, in Washington, D. C., on nomination from 
the Society, J. C. Walker was elected to succeed Howard P. Barss as representative for 
three years beginning July 1, 1943. Robert P. Griggs and A. L. Maynard were reelected 
Chairman and Vice Chairman of the Division. R. E. Coker, A. C. Redfield, and Howard 
P. Barss were elected to the Executive Committee. S. E. A. MeCallan of this Society was 
nominated to serve on the Board of Governors of the Crop Protection Institute to succeed 
H. T. Cook, now in overseas service with the Navy. 

At this meeting major consideration was given to the crippling effect of current 
Selective Service procedures on technological wartime services in the flelds of biology and 
agriculture. No clear solution of this serious problem was presented but the Division 
recommended the establishment of a committee to work with the proper war agencies on 
critical manpower shortages in these flelds. J. S. Nicholas and J. G. Leach were later 
charged with this responsibility. It also recommended the establishment of a committee 
to work with appropriate war agencies in organizing effective research on problems arising 
in the war effort which involve the biological sciences. Attempts made later to And means 
to set up such a biological research committee were not successful. A new general Na- 
tional Research Council Committee on Scientifle Personnel was, however, set up. The mem- 
bers ai*e: H. A. Barton, Chairman, L. P. Eisenhart, R. E. Griggs, W. W. Rubey, and H, 
Marston Morse. Eunds contributed by scientific organizations provide the committee with 
a working staff under Dean H. L. Dodge. 

An interesting discussion, led by E. J. Kraus, dealt with the need for more adequate 
basic training as preparation for agricultural research. This grew out of a recommenda- 
tion of the N.R.C. Eellowship Board that the Division set up a committee to encourage 
better training for research in agriculture. The committee personnel is: Richard Brad- 
field, Chairman, J.H. Gourley, C. B. Hutchison, J.L. Lush, and E. C. Stakman. 
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The Division was pleased to announce completion of projects, which included E. D. 
MerrilPs manual of food plants and poisonous wild plants for the Pacific Islands, the 
manual of plants of the Central American-Caribbean region by P. C._ Standley and B. E. 
Dahlgren, and Standley 's manual of plants for the Arctic. Publication was in the hands 
of the War Department. The need for these manuals is evidenced by the fact that no 
less than 19 separate agencies of the armed forces, mostly without adequate technical help, 
had started efforts along such lines. 

The Crop Protection Committee, through its acting chairman, J. G. Leach, reported 
on its joint meeting with the War Committee of the Society at Columbus, Ohio, in Feb- 
ruary. ' The ideas exchanged were helpful to entomologists and x)lant pathologists alike. 
A fine spirit of cooperation between them was noted. A manpow^er survey was reported 
under way by both groups. A profitable symposium, led by C. I. Bliss, on coordinated 
dosage experiments to determine the best wmy to economize on critical fungicides and 
insecticides was sponsored by the Committee. The Committee reported efforts toward a 
strengthening of Federal crop pest and disease information services. The need was pre- 
sented for a study of the influence of wartime cropping changes over wide areas on the 
insect and disease situation, 

IJnder the chairmanship of E. C. Stakmaii, the Crop Protection Committee met again 
ill August with the Society’s War Committee and Upper Mississxpx^i Valley Group at 
Purdue University, The encouraging insecticide and fungicide supply was reviewed. 
Eesolutions were jiresented for wartime intensification of barberry and buckthorn eradica- 
tion and for all possible activity against further spread of the ^‘Dutch’’ elm disease'. 
J. 8, Houser was appointed to succeed the late W. P. Flint on the Committee. 

At its April meeting the Division reaffirmed its belief that ‘^Societies in the field of 
science and technology represented in the Division of Biology and Agriculture of N.E.C. 
should plan to hold their annual meeting; that such meetings preferably not be held 
during Chiistmas holidays; that at least one session be devoted to the discussion of war 
problems. ” 

D. M. Whitaker of Stanford University served the Division as Executive Secretary 
from February to the autumn of 1943, devoting much energy to the difficult and still 
unsolved problems of manpower and of mobilizing biological science for the war effort. 

Throughout the year attention was given by the Division, under the chairman’s lead- 
ership, to the question of how scientists in all fields of biology and agriculture can best* 
marshall their combined strength to meet the Nation’s wartime and xxost-war needs. Work 
on this problem of organization is still in xxrogress. 

The National Research Council Food and Nutrition Board, F. G. Boudreau, Chairman, 
continued its important activities. The Board ’s many committees carried out work on 
National wartime nutritional and food enrichment standards and on many other imxxortant 
scientific undertakings in the food and nutrition field. 

The Committee on Animal Nutrition, under L. A. Maynard’s chairmanship, with its 
subcommittees, was active and working closely with the Food and Nutrition Board. A 
Committee on Animal Health was appointed with G. H. Hart as chairman. 

The Committee on Instruction in the Biological Sciences met in Cincinnati in January, 
1943, and reported in favor of separate introductory courses in botany and zoology wdth 
some field work in each. E. L. Stover is Chairman. 

J. C. Walker 
Howard P. Barss 

November 15, 1943. 

Report of Committee on Donations and Legacies. During 1943 an attempt was 
made to interest members of the Society in investing sums of which they were capable in 
War Bonds and Stamps in the name of the A.P.S. Appeal letters were forwarded to all 
members on February 10, 1943, and May 27, 1943. The response has not been gratifying. 
From 23 members, bonds and stamps having a cash value of $543.00 have been received. 
This represents an average of approximately 50^ per member. This is not a good record. 
The record on percentage of contributors is even worse; only 2 tenths of 1%. Surely, 
this is not indicative of the best that our profession should voluntarily produce. 

The committee is gratified to have added this small amount to our endowment funds 
during the year, but sincerely disappointed over the response of the membership. 

We recommend that a further appeal be made in the coming year, urging members of 
A.P.S. to support the Endowment of * Phytopathology ” through the agency of War 
Bonds and Stamps. 

E. C. Stakman, J. G. Brown, N. J. Giddings, Neil Stevens, 
Richard P. White, Chairman 

Report of the Extension Work and Relations Committee. The Extension Work and 
Relations Committee in 1943 sponsored an open, informal discussion session at the Decem- 
ber meeting of the Society. This session had for its objectives aiding members in plan- 
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niiig extension projects for 1944, and also X)lanning a program of work for the committee. 

In addition, through its War Emergency Subcommittee, the following activities have 
been carried on: 

(1) A Kodachrome transparency exchange has resulted in the preparation and distri- 
bution of duplicate sets totaling 3,818 slides on vegetable diseases and 1,197 slides on fruit 
diseases. It is hoped to continue this line of work on other crops. 

(2) A manual of extension methods in plant pathology was prepared by a group of 
pathologists under the editorship of Dr. Haskell, and distributed to plant pathologists and 
heads of extension work throughout the United States and Canada. 

(3) A manual of disease control practices has been prepared and is awaiting a means 
of publication. 

(4) Since the last published report of this committee a survey of extension work in 
plant pathology throughout the United States shows that 16 of the 37 stations filling in 
the questionnaires have no organized extension projects in plant pathology, wdiile 21 have. 
Results from this questionnaire were given at the 1942 summer meeting at Toledo. 

At the summer meeting of the War Emergency Committee at Lafayette, the commit- 
tee sponsored a movement to revive the EXTENSION PATHOLOGIST. 

O. D. Burke 

Report of the Necrology Committee. During 1943, there w'ere three deaths within 
our membership as follows: 

Andres R. L6pez, Eebruary 4. 

Isaac McKinney Lewis, March 12. 

H. E. Parson, November 18. 

A. G. Johnson, Chairman 
M. B. Waite 

Report of the Public Relations Committee for 1943. This committee has continued 
to function along lines presented in the report for last year. The efforts expended by 
the individual members have been greater than dinung the previous year with less apparent 
success. In some instances excellent cooperation with editors and publishers in agricul- 
tural journals and in the newspaper field has resulted in the use of material on plant 
pathology. Generally, however, the response has been poor, possibly because of the lack 
of proper preparation of the articles, possibly because this type of material has been 
crowded out entirely by war news and appeals for production efforts. The Committee 
solicits the services of members who have ability in this publicity field. 

All numbers of the journal have been promptly handled, and the same responsibility 
can be expected for the future. Any suggestions or constructive criticisms aimed at the 
improvement of the projected work is requested and appreciated. 

The Committee wishes to thank all who have contributed toward its functioning dur- 
ing the year. 

L. M. Blank, O. C. Boyd, K. S. Chester, J. J. Christensen, C. T. Gregory, 

J. H. Jensen, E. P. McWhorter, A. G. Newhall, J. A. Pinckard, L. Shaw, 

G. H. Starr, C. E. Yarwood, G. P. Weber, Chairman 

Report of the Committee on Regulatory Work and Foreign Plant Diseases. The 

plant quarantine aspect of the outbreak of the so-called golden nematode (Jleterodera 
rostochiensis Woll.) in Long Island, N. Y., in 1941 is of outstanding interest. This soil 
parasite seems to be spreading locally with some persistence and presents a quarantine 
problem wdiieh ought to be met promptly and studied with care from every angle. 

As a matter of possible interest, this committee has prepared a summary of the various 
proposals and recommendations made by the Society in the quarantine and regulatory 
field during the past 15 years. A copy of this review is being filed with the Secretary and 
further copies can be obtained by members who may have an interest in the subject. It is 
suggested that some report on the progress or status of these items be presented to the 
Society at its next meeting. Your committee suggests that there be added to this existing 
list of subjects to which the Society has given and will eontinue to give profitable atten- 
tion the following: 

(1) Bacterial diseases as a foreign plant quarantine problem. 

(2) The advisability of making arrangements to have certain imported field and vege- 
table seeds treated before distribution here, as a protective measure parallel with 
and complementary to the domestic seed treatment measures advocated by the 
Society’s War Board. 

(3) A discussion of the value of certification in the country of origin in protecting 
this country against foreign disease introduction. 

This Society has on several occasions expressed a deep interest in proposals for potato 
wart eradication from the limited areas in the three states in which it is known to occur. 
Intimately connected with this proposal, however, is the need for determining the correct 
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national policy wliicli ought to be adopted toward the importation of foreign potatoes, 
either from the standpoint of potato wart alone, o’r in a larger way to include considera- 
tion of all foreign potato diseases and insects with a view to securing as high a degree of 
protection as possible for one of this country's basic food crops. In view of the probabil- 
ity that post-war trade resumption may involve demands for increased foreign potato im- 
portation it is important that our foreign plant quarantine policy tO’wards potatoes be 
established now on a sound basis as an adequate guide to future quarantine administration. 
It is believed that the Society can contribute usefully to the country ^s welfare and render 
a definite service to the federal administration by giving its best thought to both aspects 
of the wart problem, and it is recommended that a committee be constituted either by suit- 
ably enlarging the present committee or by the appointment of a separate committee, as 
the Society may desire, to study the subject and report with recommendations at an early 
date. It may be assumed that all available information will be placed at the disposal of 
such a committee. 

C. E. Orton, E. P. White, E. C. Stakman, Chairman 

Eeport of the Committee on Biological Abstracts and the Union of American Bio- 
logical Societies. BIOLOGICAL ABSTEACTS has successfully passed another milestone 
in its difficult wartime course. Though still a chronic issue, the financial situation now 
takes second place before the problem of personnel maintenance. Fortunately the editors 
Dr. John E. Flynn and Dr. Jean MacCreight, as well as H. I. Anderson, business manager’ 
continue to stand by the ship at a considerable personal sacrifice. To them the biological 
fraternity is deeply indebted. The resignation of several key members of the biblio- 
graphic and clerical staff, however, has had its adverse effect, particularly because of 
replacement difficulties. As a result, the central office staff has shrunken to four less than 
the number in 1940. Furthermore, the resignation of collaborators entering the armed 
forces, frequent changes of address, and the preoccupation of so many of the trustees, 
section editors and collaborators with pressing wartime duties have likewise added very 
appreciably to the difficulties encountered. 

Nevertheless, Biological Abstracts has continued full speed ahead. The 1943 volume 
will contain 25,947 abstracts— 2500 over 1942 in spite of evident shrinkage in many im- 
portant journals. Phytopathologists will be interested in the fact that abstracts in the 
plant disease field number 956 in 1943— over 11 per cent more than the year before. The 
current increase for the complete edition is mainly accounted for by the extension in 
coverage to some 1800 periodicals— about 100 more than in 1942, largely because those 
of the Axis and German-occupied Europe are now becoming available through microfilm. 

The separately published subject-matter sections continue to increase in popularity. 
The new Section G — Abstracts of Pood and Nutrition Eesearch is already firmly estab- 
lished. Subscriptions to sections have increased 24 per cent and to the complete edition 
10 per cent, the total reaching an all-time high of 3634 paid subscriptions, or 19 per cent 
above 1942. ^ Subscriptions to Section D— Abstracts of Plant Science have reached 455 
(382 domestic, 73 foreign). By the end of October, some 13 new subscriptions had been 
received from members of the Society as a result of circularization in late summer. With 
respect to the plant disease material in Biological Abstracts, the Editor-in-Ohief has this 
to say: ‘‘In the field of phytopathology, it is a pleasure to acknowledge that whatever 
success we may have had in the publication of scholarly abstracts and indexes is mainly 
due to the fine and careful work of its editor, Doctor Freeman Weiss. Doctor Weiss has 
labored with rare devotion, and the scholarship such as one sees all too infrequently. He 
deserves the Society’s thanks for his services as editor given wholly without compensa- 

_ Biological Abstracts of course still proceeds under considerable financial difficulty. 
The support of American biologists, as reflected in abstracting done and in Svillingness 
to work for the success of the whole enterprise, continues to be outstanding and their back- 
ing as expressed in financial terms is likewise excellent and on the increase. Nonetheless 
the income from subscriptions falls considerably short of what is required to produce 
Biological Abstracts. In 1942, $5,436 had to be withdrawn from the reserve. In 1943 
thanks to contributions from biological societies estimated at over $3,500, and to dona- 
tions from some 50 corporations already totaling nearly $9,000, draft on the reserve may 
perhaps be avoided. It should be emphasized, however, that grants from industrial con- 
cerns are not necessarily recurrent. It is therefore to increased subscription income that 
the trustees must look, in the main, for the funds that will put the enterprise on a sound 
sustaining basis. Not only the trustees and editors of Biological Abstracts, but the whole 
biological fraternity, owe gratitude to the biological societies and industries whose con- 
tributions are helping to maintain the service through this difficult period. 

As they compare what has been accomplished with the needs for building up an 
abstracting and fact-gathering service that would more completely serve the nation’s 
interests and the requirements of its biologists, the editors of Biological Abstracts recog- 
nize that present achievement is still far from the goals they have in mind. Every pos- 
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sible effort, however, is being put forth to obtain more and more of the European publica- 
tions and to get them promptly and expertly abstracted, although this must now be done 
largely from microfilm copy. Indexing on the scale required for Biological Abstracts is 
a task of enormous complexity and difficulty — a job for experts in each subject matter 
field. Considerable progress has been made during the year in developing a staff* of in- 
dexers and in working out techniques that should enable publication of future indexes at 
progressively earlier dates. The trustees and editors feel a great responsibility for main- 
taining the continuity of this imx^ortant service through the present world catastrophe and 
beyond. In proportion as the backing is forthcoming can its performance be enlarged and 
improved. 

Frederick Y. Band, Chairman 

Nov. 6, 1943 

Besolutions of the Committee on Resolutions. RESOLVED that The American 
Phytopathological Society convey to the management and staff of The Neil House, and 
especially to Mr. Y. C. Murphy and Miss Kathryn Weitzel, its ax)preciation for the cour- 
teous service extended to our members and for cooperation in providing our officers and 
committees with unusually commodious quarters for conducting business and scientific 
programs. 

RESOLVED that the Society express to the Committee on Local Arrangements, Dr. 
W. G. Stover, C. W. Ellett, R. U. Swingle and H. E. Reed, our gratitude for their fine con- 
tribution to the success of the meeting. 

RESOLVED that this Society commend Dr. H. A. Edson, our Treasurer and Business 
Manager, for his very efficient administration of the affairs of the Society, extending 
through nearly a decade, and for his tireless efforts and his keen business insight reflected 
in our Journal, and the Society's investments, which have flourished as never before in the 
history of the Society. 

r'ESOLVED that the Society commend Mrs. Agnes E. Meier, Assistant Business Man- 
ager, for her very efficient work in serving the best interests of the members of the 
Society. 

RESOLVED that the Society exj^ress their gratitude to the Botany Department of the 
Ohio State University for very kindly placing at the Society’s disposal projection appara- 
tus, its good offices, laboratories and personnel. To the Horticultural Department our 
appreciation for the beautiful bouquet of flowers that graced our banquet table. 

RESOLVED that the Society express its appreciation to Professor E. S. Thomas 
for his very interesting and educational illustrated lecture on Outdoor Ohio in Natural 
Color.” 

RESOLVED that this Society on behalf of its members express to the officers and 
members of committees our sincere appreciation for the efforts they have made to promote 
the interests of the Society throughout the year, and to make this annual meeting instruc- 
tive and enjoyable. 

IRespeotfully submitted, 

Charles Chupp 

I. E. Melhus 

C. M. Tucker, Chairman 

ACTION TAKEN BY THE COUNCIL AND SOCIETY AT THE 1943 ANNUAL MEETING, 

AND THROUGH MARCH 1, 1944 

Elections and Appointments. The election committee opened and counted the ballots 
and the results were announced to the Society at the banquet. The names of those elected 
and appointed apjiear earlier in this report in the list of officers, representatives, and com- 
mittees. 

Thirty ap^ilicants were elected to membership in The American Phytopathological 
Society. 

Following the 1943 annual meeting, the Editor-in-Ghief of PHYTOPATHOLOGY, 
Dr. H. B. Humxflirey, submitted his resignation to the Council which the Council accepted. 
The Council appointed Dr. Helen Hart as Editor-in-Ghief of PHYTOPATHOLOGY to 
fill the unexpired term (through 1945) subject to the approval of the Society at the next 
annual meeting. 

W. H. Burkholder, A. J. Riker and W. J. Zaumeyer were ajopointed editors of 
PHYTOPATHOLOGY, and A. A. Dunlap, Helen Hart, W. G. Hoyman and H. N. Racicot 
were appointed associate editors of PHYTOPATHOLOGY — all for a three year term. 

R, M. Caldwell was appointed Business Manager of PHYTOPATHOLOGY for a 
three year term, and S. L. Hopper stead. Advertising Manager, for a one year term. 

Reports of Officers, Representatives, and Committees. The Council recommended 
acceptance of the reports, which were approved by the Society. Reports of officers, rep- 
resentatives, and standing committees are published on the previous pages. According 
to action of the Society at the Philadelphia meeting only reports of the standing com- 
mittees are to be published in the annual report. 
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Tropical Research Foundation. The Society confirnied the Council recommencla’ 
tion to accept the final report of our representative, Dr. R. D. Rands, with appreciation of 
the active work carried on by our representative and that the representative be excused 
from further service. The 'announcement of the ^^Dissolution of the Tropical Plant 
Research Foundation’’ was published in an earlier issue of PHYTOPATHOLOGY. 

Special Committee — Coordination of Cereal and Vegetable Seed Treatment Re- 
search. The Society confirmed the Council ’s recommendation that the names of members 
of the sub -committees of the Special Committee on ^ ^ Coordination of cereal and vegetable 
seed treatment research” not be published in PHYTOPATHOLOGY. The chairman of 
this committee was authorized to add members to this committee when necessary during 
the year. The Council expressed its appreciation in the name of the Society for the 
faithful and important work that this committee is doing. 

Publication of Monographs. The Council recommended and the Society approved 
that the Special Committee on ^^Publication of Monographs” be discharged. 

Recommended Methods. A report on ‘ ^ recommended methods ’ ’ by the committee 
on ^^Standardization of fungicidal tests” was accepted by the Society, and the Society 
confirmed the recommendation of the Council to refer this to the Editor-in-Chief of 
PHYTOPATHOLOGY^ for consideration relative to publishing in PHYTOPATHOLOGY. 

Phytopathology. The Council recommended and the Society approved the appoint- 
ment of a Special Committee to include the Business Manager of PHYTOPATHOLOGY 
and the Editor-in-Chief as ex officio members ^ ^ to make a study of the problems affecting 
the publication— PHYTOPATHOLOGY.” 

Membership List. It was moved by the Society that a membership list be published 
in 1944 — the matter of time and how to be left to the discretion of the officers of the 
Society. President J. J. Christensen appointed a Temporary Committee which has re- 
ported on the matter of publishing a membership list, and the report has been accepted 
by the officers of the Society. 

1944 Society Meeting. The Society approved the recommendations of the Council 
that no official summer meeting be held, but that an annual meeting be held in 1944 — the 
time and place to be decided by the program committee. Since this action of the Society 
the Council has voted not to hold the annual meeting with A A AS, September 9-16, 1944, 
Cleveland, Ohio, but to hold a separate meeting early in December when more field data 
will be available. 
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ANDEfiS R. LOPEZ ELIAS 
February 4, 1909-February 4 , 1943 

Andres R. Lopez was graduated from the Polytechnic Institute at 
San German, Puerto Rico, in 1928. During* 1928-29, he attended the 
college of Agriculture and Mechanic Arts, University of Puerto Rico, 
and then transferred to Louisiana University where he received the 
degree of Bachelor of Science in Agriculture in 1933 and the degree 
of Master of Science in 1935, majoring in Plant Pathology. During 
1939-40, he pursued further graduate study at Iowa State University. 

For a time Mr. Lopez served as Agronomist in the Federal Emer- 
gency Relief Administration and later taught vocational agriculture in 
one of the Second Unit Schools of the Department of Education at San 
Sebastian, Puerto Rico. Prom 1936 to the time of his death, except for 
the school year 1939-40, he served as Assistant Pathologist at the Agri- 
cultural Experiment Station of the University of Puerto Rico. 

Mr. Lopez was a young man of great promise in his chosen field of 
science and a true friend among his colleagues. 


HOWARD EVERETT PARSON 
May 13, 1897-November 18, 1943 

Howard Everett Parson was graduated from Michigan State Col- 
lege in 1923 with the degree of Bachelor of Science and received the 
degree of Master of Science from the University of Minnesota in 1928. 

During the school year of 1924-25, Mr. Parson was superintendent 
of and taught agriculture in the Smith-Hughes Consolidated School at 
Mesick, Michigan. Prom 1925 to 1928, he was Instructor in Botany 
and Assistant in Plant Pathology in the University of Minnesota. In 
1929, he was appointed Junior Pathologist in the Bureau of Plant In- 
dustry, U. S. Department of Agriculture, and worked on diseases of 
pecans. In 1930, he was advanced to the rank of Assistant Pathologist, 
and later was placed in charge of investigations of pecan diseases. 

Mr. Parson was a man of quiet, retiring disposition, unusually con- 
scientious and dependable in his work. He was unusually congenial 
in his associations, and made friends wherever he went. 
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STUDIES ON LILY VIEUS DISEASES: THE NECROTIC-FLECK 
COMPLEX IN LILIUM LONGIFLORUM 

Philip Brieeley^ aetd Floyd F. Smith-’ 

(Accepted for publication January 10, 1944) 

The necrotic fleck disease in Easter lilies {Lilium longi flor icm Thmih.) 
is capably described in an early account by Stewart (19) who distinguished 
it from Botrytis blight, and found the necrotic streaks were not due to insect 
or fungus attack. Necrotic fleck symptoms are included in Woods ^ account 
(22) of ^‘The Bermuda Lily Disease/’ and illustrated in a second paper by 
that author (23). Neither of these early workers suggested the virus eti- 
ology of the disease. 

Ogilvie and G-uterman (17) described a mosaic “disease or group of 
diseases” in Bermuda Easter lilies, distinct from the rosette disease (or 
yellow flat) (5, 16). They distinguished 3 types of symptoms: A. Marked 
downward curling of leaves accompanied by short chlorotic streaks becom- 
ing rusty necrotic, and flower distortion; B. Similar linear necrotic spotting,, 
with some twisting but no characteristic curling of leaves, and no marked 
distortion of flowers; C. The leaves mottled, notably stiff and variously dis- 
torted, and the flowers aborted or deformed. Ogilvie and Guterman (17) 
recognized these diseases as of virus origin, and observed evidence of natural 
spread in Bermuda, but 'were unsuccessful in attempts to transmit them. 
Symptom types A and B of these investigators correspond well with the 
severe and the mild forms, respectively, now recognized in necrotic fleck, 
but their type C, possibly due to a mottle virus (4), cannot be definitely 
classed from their description and illustrations. 

Guterman first transmitted “the virus of lily mosaic” by inarching and 
by needle-prick (8), and by Aphis gossypii Glover (9, 10). He recognized 
3 types of mottling in lilies : (1) linear, light-green areas, drying to more 
or less linear necrotic spots; (2) elongate chlorotic streaking without ne- 
crosis; and (3) chlorotic mottling in rounded or irregular areas without 
necrosis. The disease we now call necrotic fleck was shown as an example 
of the first type, and was considered the typical response of Easter lily, while 
the characteristic symptoms of over 40 other species were assigned to one 
or another of the above 3 types. Extensive cross-inoculations between spe- 
cies by stem puncture, and a number of successful transfers by A, gossypii^ 
seemed to yield uniform symptoms of some one of these 3 types in eack 
species inoculated, regardless of the species serving as source of virus. 
Guterman (9), therefore, concluded that “No evidence of any sort was 
obtained during these experiments which would indicate that more than one 

1 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering. 

2 Entomologist, Division of Truck Crop and Garden Insect Investigations, Bureau of 
Entomology and Plant Quarantine, Agricultural Eeseareh Administration, United States 
Department of Agriculture, Beltsville, Maryland. 
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virus is concerned/’ He did observe, however, that ‘‘mosaic affected plants 
of Lilium longiflorum may not necessarily exhibit necrosis of the chlorotic 
areas on the leaves.” Inoculations from various species showing symptom 
types 2 and 3, as well as from Easter lilies showing type 1, induced type 1 
symptoms (i.e., necrotic fleck) in certain of the Easter lilies inoculated. 
The fact that Guterman used symptomless commercial stock, rather than 
seedlings, as test material apparently prevented his recognizing the separate 
significance of mottling and necrotic flecking in Easter lily. 

In 1937 Price (18) reported the isolation from commercial Giganteum 
Easter lilies of a cucumber-mosaic virus, which, in common with other 
strains of this virus, was capable of inducing necrotic fleck symptoms in 
certain Easter lilies that “were either grown from seed or were from selected 
cage-grown stock.” Although the necrotic symptom appeared in a low per- 
centage of the Easter lilies he inoculated with cucumber-mosaic virus. Price 
accepted Guterman ’s (10) interpretation of lily mosaic as being of single 
virus etiology and assigned this lily-mosaic virus to the cucumber-mosaic 
virus group. 

McWhorter was the first to show tulips are susceptible to viruses from 
lilies, reporting tulip breaking induced by juice of mosaic Lilium speciosum 
in 1932 (12), and in 1937 (13), by juice of symptomless L. candidum L., 
L. longiflorum, and L. iigrinum Ker-Gawl. His latent virus of lily at first 
(13) considered identical with Tulip Virus 1 (14) was later (15) distin- 
guished from this by cytological methods. 

One of us (1), impressed with the distinctness of mottle and necrotic 
fleck symptoms in the Creole Easter lily, repeated Price’s (18) and Mc- 
Whorter’s (13) experiments, finding a tulip-breaking virus in both mottled 
and flecked Easter lilies, but cucumber-mosaic virus in the necrotic fleck 
type only. Subsequent work (3) showed that cucumber-mosaic virus alone 
does not induce necrotic fleck in previously virus-free Easter lily seedlings, 
but does produce this symptom when introduced into certain symptomless 
commercial Easter lily stocks. Tulip breaking induced in tulips by cucum- 
ber-mosaic virus was also shown to be recognizably different from the type 
produced by the true tulip-breaking viruses and their lily-mottle allies. 
Brierley (2) then showed that seedlings of Lilium formosanum Stapf are 
satisfactory index plants for the tulip viruses and, using these and tobacco 
as test subjects, found both cucumber-mosaic virus and tulip-type viruses 
widely distributed in lilies, the latter being more common than the former. 

Further studies on the lily-mottle viruses or tulip-breaking types will be 
presented separately (4). The present paper presents evidence that the 
necrotic fleck disease (NP) is a complex of cucumber-mosaic virus (CV) and 
a symptomless virus (LSV) not previously reported, that Aphis gossypii is 
a specific vector for LSV, and therefore for the complex GV + LSV, and that 
mottle viruses (LMV) consistently associated with necrotic fleck in com- 
mercial Easter lilies are not an essential part of the fleck complex. Some 
information is included on the distribution, host range, and economic impor- 
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tance of LSV, termed lily-symptoinless virus and described as Adelonosus 
liliiy nov. gen. et sp. 

Preliminary evidence is presented that LSV and lily-rosette virus (5, 16) 
are of the ''persistent’’ group (20), having latent periods of several days in 
their common vector Aphis gossypii; but that lily-symptomless virus (LSV) 
does not protect Easter lilies against infection by lily-rosette virus (LEV). 

SYMPTOMS OF NECROTIC FLECK 

As previously mentioned, Stewart (19) and Guterman (9, 10) have de- 
scribed this disease. The term "fleck” was applied by one of us (1) in order 
to provide a distinctive name for the complex. Characteristic flecks are vari- 
able in size, usually elongated parallel to the veins, chlorotic when first 
recognized but becoming gray to brown necrotic (Pig. 1). When fully 
developed the dead areas are depressed but the surface remains intact. The 
name necrotic fleck (NP) is reserved for this complex in Lilium longiflorum 
in our usage. Other lily species may develop necrotic spotting, as noted by 
Guterman (9, 10) , but only the Easter lily has thus far been shown to develop 
these symptoms from infection by the virus complex here discussed. 

Dwarfing, curling (Pig. 2), and flower deformities (Pig. 3) also accom- 
pany the typical NP. The stature is often less than half that of symptomless 
plants of the same variety. Leaves may be curled downward as well as 
flecked, but this curling is less regular and commonly less extreme than that 
characterizing lily rosette disease (16). Plowers are subnormal in size, fail 
to open fully, and are variously distorted by thin streaks which become brown 
necrotic by the time the flower is fully developed (Pig. 3). Such typical NP 
individuals, comparable to Type A of Ogilyie and Guterman (17), are un- 
salable. After flowering, and sometimes before, NP plants begin to lose 
leaves from below upward. Such leaves first turn pale-yellow with irregular 
green blotches, then wither away. Affected plants mature earlier than 
symptomless individuals of the same variety, and yield small bulbs. Such 
bulbs are subject to rot, and the survival of the NP type is low. The NP 
symptoms always persist, in those individuals that do survive, during the next 
season of growth. 

A milder sub-type, scored as "sparse fleck” (SpP) in our records, is com- 
parable to type B of Ogilvie and Guterman (17). In this type the necrotic 
flecks are fewer and usually larger than in the severe type, there is less 
marked dwarfing, the leaves are twisted irregularly instead of curled down- 
ward, and the flowers are seldom distorted. SpP plants are often considered 
salable, particularly in years of deficient supply. Experimentally produced 
flecking is often of this SpP type (Pig. 4), and the illustrations Price (18) 
published may be so classed. SpP Easter lilies grown in screened and fumi- 
gated greenhouses for several successive seasons are fairly stable in symptom 
expression, but some NP may develop in these under such conditions. 

A still milder type, which we term" Very Sparse Pleck” (VSpP) , may be 
detected in certain commercial Easter lilies under glass, but is doubtless 



overlooked in tie field where various injuries may be confusing. No dwarf- 
ing, curling, or flower distortion accompanies the very sparsely distributed 
necrotic flecks; affected plants are, therefore, salable. The VSpF type 
selected from commercial Creole lilies forced in the season of 1939-40 and 




Fig. 1. Leaves of an Easter lily seedling experimentally infected witli necrotic fleck 
by Aphis gossypii: (a) normal lower leaf, (b) first of the group of leaves showing ad- 
vanced necrosis and yellowing, (e, d, e) younger leaves in less advanced stages of fleck 
symptoms. Photographed by Pratt. 

grown again under glass in 1940-41 produced 1 symptomless individual, 1 
VSpF, and 15 severe SpF plants, of which 13 were judged unsalable because 
of flower distortion. Ten VSpF plants selected from forced Creole lilies in 
1941-42 and grown again under glass in 1942-43 produced 3 symptomless, 3 
VSpF, and 4 SpF plants, of which 3 were considered unsalable. 
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Attention is called to the two snb-types of necrotic fleck, SpF and VSpF, 
as confusing factors in the estimation of fleck in forced Easter lilies, and as 
obstacles to effective rogning in the field. Although examples of the 3 types 
of fleck described here can be found in nearly any affected commercial stock 


Fig. 2. Necrotic fleck in Easter lily: (a, b) experimentally infected with cucnmber- 
mosaic virus and lily-mottle virus in February, 1940, no fleck resulting. Lily-symptomless 
Virus added to (a) by A^Us gossypii in February, 1941. Pbotographed in April, 1942; 
in 6 -inch pots. 


of Easter lilies, the sub-types are not separable one from another by* sharp 
dividing lines, and all transition stages from the mildest VSpF to the 
most severe NP types occur. These types cannot be distinguished at present 
by their virus content, all 3 yielding CV and LMV on indexing, and all 







evidently carrying LSV which is now held essential to the expression of NF 
symptoms. Attempts to demonstrate another factor for dwarfing in the 
severe NP type have not been successful, and the virulence of the complex 
has not been found consistently correlated with the virulence of the CV 
component. 

The milder necrotic fleck types (SpP, VSpP) are commonly ignored by 
producers of Creole Easter lilies, who recognize the severe or typical NP type 


Fig. 3. Symptoms of necrotic fleck in Creole Easter lily flower. The flower is small 
(4.5 inches long and 4.5 inches across), the perianth distorted and streaked with brown. 
Natural infection. Photographed by Allard. 

only. .It is true that tMs type only is consistent in producing cull types 
when forced, but the evidence presented above indicates that all 3 types repre- 
sent essentially the same disease complex, and that shifts from the milder 
to the more severe types may be expected without additional contamination 
from outside sources. 

.. y .. MECHANICAL TRANSMISSION 

Sap inoculation experiments of 5 categories are summarized in table 1. 
When cucumber-mosaic virus (CV) was inoculated into supposedly healthy 
Easter lily seedlings, only 1 plant of 512 developed necrotic fleck symptoms. 
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This one positive result may be discounted as contamination, inasmuch as the 
California-grown seedlings inoculated here showed 3 NP individuals in 750 
plants previous to this test. It is reasonable to suppose that a few addi- 


Fig. 4. Sparse fleck sub-type of necrotic fleck experimentally produced in Easter 
lily seedlings: (a, b, c) mechanically inoculated with cucumber-mosaic virus and lily-mottle 
virus in December, 1940. Lily-symptomless virus added by Aphis gossypii to (a) in March, 
1941, and to (c) in January, 1942. Photographed in May, 1942 (natural size). 

tioiial seedlings of this lot were contaminated with LSV which with CV pro- 
duces NF. It is also reasonable to conclude that Price (18) was able to pro- 
duce NF symptoms on inoculation with CV alone because some of the 
symptomless Easter lilies he inoculated carried LSV. The available evidence, 





therefore, justifies the conclusion that CV alone cannot produce NF in 
healthy Easter lilies. 

When CV was inoculated into symptonaless commercial Easter lilies 
(LMV + LSV) a high proportion of necrotic fleck (97 in 132) resulted. Char- 
acteristic symptoms were thus produced in symptomless Creole Easter lilies 
(the Norwood strain and a Florida strain), and in symptomless Croft lilies, 
as well as in plants of Creole and Giganteum varieties that showed mottling. 
Inasmuch as all these commercial stocks, whether mottled or not, can be 
shown by indexing to carry LMV, the evidence thus far presented would 
justify the hypothesis that LMV and CV in combination produce NP. In 
some trials some strains of CV failed to induce NP under conditions appar- 


Fig. 5. Necrotic fleck meclianieally transmitted to Easter lily seedling (left) com- 
pared witli control seedling (right). Photographed in 6-ineh pots 55 days after inocu- 
lation. 


ently favorable for infection, and cucumber appeared to be a poor source of 
CV for inoculation into lilies, but 100 per cent infection bas been approached 
or attained in many such inoculations with more virulent strains of CV from 
.tobacco. 

Several combination inoculations with CV and LMV into healthy Easter 
lily seedlings failed to induce necrotic fleck. In separate trials preparations 
containing CV and LMV were mixed and inoculated simultaneously, or the 
two were introduced separately into different shoots of double-nosed Easter 
lily seedlings, or the one was introduced alone and then followed after 20 
days by the other. No fleck resulted from any of these tests, although the 
inoculated seedlings were held for a year or more and subinoculations re- 
vealed both CV and LMV present. It was, therefore, concluded that the com- 
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bination of CV and LMV does not produce NF. It was further postulated 
that a third constituent (LSV), absent from suitably protected Easter lily 
seedlings but present in commercial Easter lilies, must be essential for the 
expression of necrotic fleck symptoms. 


TABLE 1,-— Mechanical inoculation of lEaster lily with necrotic fieclc (NF), or with 
the cuciiniber -mosaic component (CV), or with CV and lily -mottle virus (LMV) together 


Source 

plant 

Virus or 
complex 

Plants inoculated 

Total 

tests 

No. of 
tests 
posi- 
tive 

Plants 

fleckeda 

Mini- 

mum 

incuba- 

tion 

period 


A. CV on healthy Easter lily seedlings 


Tobacco 

CV 

■ 

i 

Easter lily sdlgs. 

78 

1 

1/460 

Days 

38 

Easter lily 

{ { 

{ ( 

3 

0 

0/22 


Cucumber ^ 


1 a 

2 

0 

0/30 ; 



B. CV on commei’cial Easter lilies (LMV + LSV) 


Tobacco 

CV 

Creole (symptomless) 

22 

19 

79/98 

13 

Easter lily 

c c 

a (c 

1 

1 

5/5 

20 

Easter lily 

(( 

^ ‘ (mottled) 

1 

1 

2/5 

25 

Easter lily 

t i 

Croft (symptomless) 

1 

1 

2/5 

20 

Cucumber 

i i 

U it 

1 

0 

0/5 


Tobacco 

i ( 

i < i i 

2 

1 

4/9 

33 

Tobacco 

(C 

Griganteum (mild mottle) 

1 

1 

5/5 

33 


C. CV + LMV on healthy Easter lily seedlings 


Easter lily 

Cucumber 
+ E. lily 

CV-fLMV 

a 

Easter lily sdlgs. 

a 

15 

1 

0 

0 

0/175 

0/3 



B. 

NF on healthy Easter lily seedlings 



Commercial 


Easter lily sdlgs. ! 





Easter lilies 

NE ■ 


17 

3 

6/144 

31 

Easter lily 







sdlgs. I 

< < 

a 

7 ; 

.i 

■4 

5/160 

• ! 

44 

E. NF on commercial Easter lilies (LMV -f LSV) 

E. lily sdlgs. 

NF 

Creole (symptomless) 

3 

, 3 

23/25 

13 

a 


(mottled) 

1 

1 

9/10 

47 


i i 

Croft (symptomless) 

1 

1 

7/10 

29 


a Expressed as number flecked over number exposed (mottling not recorded here) . 


Necrotic fleck was sap-transmitted to healthy Easter lily seedlings in St 

low proportion, 6 in 144 from naturally-infected source plants, and in about 
the same proportion, 5 in 160, from flecked material experimentally produced > 

bypreviousmeehanicaltransfer or by aphid transfer (Pig. 5). No infection |i 

resulted in trials in which the inoculum was prepared with phosphate buffers 
at pH 6, 7, or 8, or in saline solution, the successful transfers being pre- ; 
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pared with tap water. The low percentage of transfer (3.6 per cent) here 
recorded is considered authentic. - Contamination of the test seedlings with 
the symptomless component (LSV) of fleck, as discussed above (Sect. A, 
Table 1), cannot explain the 11 positive flecks recorded here, for seedlings 
used in most of the positive tests were rigidly protected, some having been 
grown in screened and fumigated greenhouses throughout. Occasional seed- 
carriage of LSV may also be dismissed as an explanation of occasional trans- 
fer, as such seed-borne virus might be expected to occur with as great fre- 
quency in the 512 seedlings in Sect. A, of Table 1, or in the 178 in Sect. C, as 
in the 304 seedlings of Sect. D. It is therefore concluded that the NP com- 
plex is mechanically transmissible as such, but with difficulty, This diffi- 
culty of transfer is in itself further evidence for the existence of an addi- 
tional essential component (LSV), as both CV and LMV are readily trans- 
ferred mechanically. 

Necrotic fleck is readily transferred to commercial Easter lilies of the 
Creole and Croft varieties, and presumably to other varieties not tested. This 
finding was to be expected as only CV is necessary to induce fleck in such 
stocks, as is shown above (Sect. B, Table 1). Comparison of the data sum- 
marized in Sections T> and E of table 1 reveals a sharp contrast between the 
difficulty of transmitting NP to seedlings and the ease of transmitting it to 
commercial stocks carrying LMV + LSV. This contrast is held to be due to 
the nearly universal presence of LSV in commercial Easter lily stocks. Guter- 
man’s (9) ready transfer of a disease now interpreted as NP from Easter lily 
to Easter lily was evidently comparable to our experience (Sect. E, Table 1), 
although he used the Harrisii and what was probably Erabu {Lilnm longi- 
flanm formosum) varieties, which were not included in our tests. 

TRANSMISSION BY APHIDS 

Studies on vector relations of necrotic fleck and other virus diseases were 
undertaken in 1939. Some of the data on transmission of NP and its com- 
ponents CV and LSV are summarized in table 2. Transmission of the NP 
complex was determined by symptom expression in Easter lily, and trans- 
mission to other species was determined by return transfer to Easter lily 
by Aphi^ gossypii Transmission of LMV was detected by characteristic 
symptom expression in Easter lily, Lilium formosamim^ or tulip, or by 
mechanical subinoculation to one of the two plants last named. Transmis- 
sion of CV was proved by subinoculation to tobacco. 

In these experiments Aphis gossypii was confirmed as a vector of the NP 
complex (Pig. 6). Six other species of aphids failed to transmit this com- 
plex as such, "but Mmrosiphiim solanifolii Ashm. and Myms persioae Sulz. 
were found to transmit both CV and LMV. These findings are in agreement 
with those of sap transfer tests (table 1) in showing that CV and LMV to- 
gether fail to produce NP, and that a further constituent (LSV) must be 
essential to expression of NP symptoms. They further indicate that A. 
gossypii a specific vector of the LSV constituent, for this species is cer- 
tainly not specific for CV. 
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Possible transmission of the NP complex to tulip, ColeMcum, and Oloriosa 
is indicated in table 2. No distinctive symptoms were detected in tulip be- 


TABLE 2. — Transmission of necrotic flecTc {NF), or of cuoumler-mosaio virus (CV) 
or mottle virus (LMF) from fiecJced Faster lily to various plants hy aphids 



Tests 


Minimum 

Virus transmitted 

Plants exposed 

Total 

Positive 
for NP 

affecteda 

bation 

period 

NP 

complex 

CV 

LMV 

By Aphis fabae Scop. 


No. 

No. 


Bays 




Easter lily sdlgs 

1 

0 

0/6 





Tulip (Clara Butt) 

! 1 

i 

0 

0/4 




— 

By Aphis gossypii Glover 


Easter lily sdlgs 

33 

22 

112/250 

14 


+ 


Z/. formosanum Stapf... 

3 

0 

0/16 



+ 

+ 

L. tigrimim Ker-GawL... 

2 

0 

; 0/14 



+ 


Calochortus spp 

2 

0 

0/10 



+ 

+ 

ColcMcum autumnale L. 
Gloriosa rothschildiana 

3 

1 

2/16 

■ 

53 


+ 


0 ^Brien 

Fritillaria pudica 

4 

3 

14/25 

10 ’ 

(?) 

+ 


Spreng 

1 

0 

0/5 ' 



+ 


Crimson clover 

1 

0 

0/5 



+ 


Tulip (Clara Butt) 

7 

5 

28/78 

21 

(?) 

+ 

+ 


B j Macrosiphum lilii Monell 

Easter lily sdlgs 

7 

0 

0/45 





L, formosanum 

1 

0 

0/5 





Tulip (Clara Butt) 

1 

0 

0/8 





By Macrosiphum solanifolii 

Easter lily sdlgs 

8 

0 

0/85 



+ 

■ +, 

Tulip (Clara Butt) 

2 

0 

0/14 





By Myzus circumflexus Buekt. 

Easter lily sdlgs 

3 

0 

0/26 





L. formosanum 

1 

0 

0/5 





Tulip (Clara Butt) 

1 

0 

0/17 





By Mysus convolvuli Kalt. 

Easter lily sdlgs 

2 

0 

0/8 


1 



By Mysus persicae Sulz. 

1 

Easter lily sdlgs 

1 

12 

0 

0/116 



. + . 

+ 

Tulip (Clara Butt) 

8 

0 

0/95 






a Number of Nauts expressing NE over number exposed. 


yond those known to be characteristic of CV infection, but two return trans- 
fers from the exposed tulips to Easter lily seedlings by Aphis gossypii pro- 



Phytopathology 


duced typical NP. In ColcMcum auUimnale L. necrotic streaks appeared at 
the base of leaves in the region that was in active growth immediately after 
exposure (Fig. 7). CV was recovered mechanically, but a return transfer 
of A, gossypii to Easter lily seedlings yielded no NF. Attempts to induce 
these symptoms in ColcMcum with CV alone have thus far proved unsuccess- 


Fio. 6. Symptoms^ induced in Easter lily seedlings by aphid transfer from necrotie- 
fleek-infeeted Easter lilies: neerotie fleck transmitted by Aphis gossypii (a) ; lily -mottle 
virus transmitted by Myzus persicae (b) ; by Maorosiphum solanifoUi (e), and by Aphis 
gossypii (d). Photographed by Pratt. 

ful. Gloriosa rothscMldiana developed striking yellow ring patterns in 
leaves after transfer of this vector from NP Easter lilies (Pig; 8) . CV was 
recovered from such plants, and somewhat similar but less prominent rings 
were induced in Gloriosa seedlings by inoculation with CV only. One of 5 
return transfers to Easter lily seedlings by A. gossypii -piodneed NP. IJn- 
fortunately the apparently successful return transfers from both Gloriosa 
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and tulip were made to Easter lily seedlings that had been inadequately 
isolated in Southern California and carried some natural infection with NP 
and presumably also some additional infection with LSV. It is therefore 
uncertain whether necrotic fleck was returned to Easter lily from tulip and 
Gloriosa ov whether CV was returned to seedlings already contaminated with 
LSV. 

Cucumber-mosaic virus was recovered also from symptomless plants of 
Lilium tigrinum, CalochorUis doadi Fritillaria pudica exposed to fleck 


Fig. 7. Symptoms induced in UokTiwm mtummle by transfer of Aphis gossypii 
from necrotie-flecked Easter lily. Cucumber-mosaic virus was recovered. Photographed 
(in 6 -inch pot) by Guernsey. 

hy Aphis gossypii This virus was previously reported (2) as occurring 
naturally in jL. tigrinum. Calochortm sp., Golchicum autumnale^ Gloriosa 
rothschildianaf and F. pudica^ are believed to be previously unreported as 
hosts of CV. The other plants listed as affected in table 2 have been pre- 
viously reported susceptible. 

The plants reported susceptible to lily-mottle virus in table 2 were previ- 
ously known to be subject to this virus (4). In addition, Lilium tigrinum 
and Fritillaria pudica are suseeptible; failure to develop symptoms in the 
tests recorded here is further evidence that is a poor vector 

of LMV. Colchicum, Oloriosayand crimson clover have not proved to be 
susceptible to LMV. 



In experiments conducted over a period of 4 seasons, Aphis gossypii 
transmitted NF, or its component LSV, to Easter lily seedlings somewhat 
irregularly. The irregularities cannot be fully explained, but a number of 
factors seems to be operative. First, all trials during the period of higher 
greenhoUvSe temperatures from late April to early winter failed, even when 
succulent lateral shoots were exposed to the aphids. Secondly, A, gossypii 
seems unable to establish itself and thrive on the young leaves of Easter 


Tig. 8. Symptoms induced in Gloriosa rothscMldiana by transfer of Aphis gossypii 
from necrotic-flecked Easter lily (left) in comparison with control (right). Cucumber- 
mosaic yir us was recovered. Photographed by Skeris. 

lilies under the cooler conditions of fall and early winter, but more readily 
accepts leaves and flower buds in later stages of growth. Furthermore, even 
in winter and early spring, when transmission has been most consistent, the 
percentage of transfer has varied, suggesting that the concentration of one 
or both of the constituent viruses, CV and LSV, may vary in the Easter 
lily source plants. 

Recent experiments show that LSV is of the ‘‘persistent’’ gi’oup as de- 
fined by Watson and Roberts (20), having a latent period of several days 
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in the nqqIot Aphis gossy^ii, and persisting for at least 3 days in the 
vector on non-snsceptible plants. Cucumber-mosaic virus, on the other 
hand, has been shown by Watson and Eoberts (20) to be a ‘‘non-persistent’^ 
virus, surviving for a brief time in aphid vectors, and lacking a latent period 
in these. Inasmuch as the requirements for efficient transmission of viruses 
of these two groups are quite different, the transmission of a complex con- 
sisting of one of each group (CV-f-LSV) might be expected to be some- 
what erratic. It was shown in one test that A. gossypii may transmit LSV 


Fig. 9. Lily-rosette virus superimposed on Norwood Creole Easter lily naturally in- 
fected with, lily -symptomless virus. Aphis gossypii transfer. Photographed (in 5-inch 
pot) 36 days after exposure. 

"Without CV from NF source plants that carry both. One of 5 plants exposed 
developed NF symptoms, but the subsequent addition of CV to the remaining 
4 plants induced one more to express necrotic fleck. 

Lily-rosette virus (5, 16), received for diagnosis in Easter lily from 
Florida, was compared with LSV in some experiments. The data in table 3 
indicate a latent period of 3 to 7 days in the aphid vector for lily-rosette 
virus (LEV), and one of 4 to 6 days for lily-symptomless virus. Similarly 
the data in table 4 show persistence of LSV in the vector Aphis gosspyii for 
at least 3 days, and of LEV for at least 9 days. The two viruses LEV and 
LSV are similar in most known characteristics, except that LEV produces 
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well-marked symptoms in the Easter lily while LSY produces none. Easter 
lilies carrying the symptomless virus, however, are not protected against 
infection by lily-rosette virus (Fig. 9). 

In trials with Aphis gossypii conducted under apparently favorable con- 
ditions 93.8 per cent of 48 plants were infected with LEV, 54.7 per cent of 247 
plants with the NP complex, and 37.6 per cent of 125 plants with LSV. The 
lily-rosette virus, apparently a single entity, is carried with much higher 
efficiency than is the NF complex. The low percentage transfer of LSV 
alone presumably indicates that the test for its presence, namely mechanical 
addition of CV, is not always highly efficient. 

It was noted in some of our earliest trials that the mottle virus (LMV) 
could not be recovered from many of the Easter lily seedlings typically 
flecked as a result of Aphis gossypii transmission. Again in a recent series 


TABLE 4. — Evidence of the retention of lily-rosette virus mid of Uly-symptomless 
virus Toy Aphis gossypii, when first fed on Easter lily source plants, then on non-susceptihle 
plants, and finally on Easter lily test seedlings 


Interval on non-susceptible plants 

Retention of virus as shown by 
final feeding on Easter 
lily seedingsa 

Species 

Days 


Lily -rosette virus 


Chrysanthemum 

3 

5/5 

Tulip 

7 

3/7 

Tulip and 1 

n 

5/5 

Chrysanthemum j 

21 


Lily-symptomless virus 

Chrysanthemum ' 

1 ^ 

4/lOb 


a Plants affected over number exposed. 

b Determined by expression of necrotic-fleck symptoms after addition of ciicumber- 
mosaic virus. 


of subinoculations LMV was detected in only 2 of 10 typical examples of 
necrotic fleck induced by this vector. Similarly, lily-rosette virus as received 
from Florida in commercial Easter lilies was found to be accompanied by 
LMV, but transfers to seedlings by A. gossypii were usually free from LMV. 
Evidently LMV is not essential for expression of necrotic fleck symptoms 
(Pig. 10), or for expression of rosette symptoms (Fig. 11), although it has 
been found generally present in commercial Easter lilies affected with 
necrotic fleck or rosette. Evidence presented elsewhere (4) shows that A. 
gossypii is a relatively inefficient vector of LMV. This vector, therefore, 
offers a means of separating LSV or LEV from the LMV that commonly 
accompanies them in commercial Easter lilies. Preliminary evidence re- 
cently gained indicates that these separations are highly efficient when a part 
of the latent period in A. gossypii is emBedi to elapse while the vector feeds 
on a plant such as chrysanthemum that is non-snsceptible to LMV. 

ANALYSIS AND SYNTHESIS OF NECROTIC FLECK IN EASTER LILIES 

Of the three viruses (CV, LSV, LMV) commonly present in commercial 
samples of necrotic fleck, CV is readily separable by passage through tobacco, 
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Pig. 10. Symptoms of necrotic fleck in Easter lily seedling induced by Aphis 
gossypii. Subinoeulations show, lily-mottle virus absent. Pbotograpbed (in 5-ineb pot) 
2 years after exposure. 

subsequently found (3) that tulip is susceptible to CV. The fact that this 
separation succeeded may be attributed to chance failure of CV in the inocu- 
lation to or from tulip, or to more rapid movement of LMV in tulip. No 
better means of separating LMV from CV is known, as all plants known to be 


as the other 2 viruses fail to infect this plant. LMV has been separated from 
the CV and LSV by mechanical inoculation to tulip and thence to lily. 
When this separation was first reported (1), tulips were not known to be 
susceptible to CV, and tulip was believed to be a differentiating host. It was 
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Pig. 11. Symptoms of lily rosette (yellow-flat) induced in Easter lily seedling by 
A-phis gossypii. Subinoculations show lily-mottle virus absent. Photographed (in 5 -inch 
pot) 34 days after exposure. 

susceptible to the former are also susceptible to CV, and the properties of 
these 2 viruses are similar. Separation of LSV from the others is accom- 
plished by Aphis gossypii under certain conditions, as discussed above. 

In practice the separation of LMV and LSV from CV is not necessary, as 
these two occur in the absence of CV in certain commercial stocks of Easter 
lilies that show no fleck symptoms. We have made use of the '^Norwood/’ 
clonal line of Creole Easter lily, first selected and propagated at Louisiana 
State University by Dr. Fred Cochran, and further increased and maintained 
as a known stock at the Plant Industry Station, Beltsville, Md. This usually 
symptomless cion yields LMV on mechanical transfer and LSV (rarely LMV 

TABLE 5.— Synthesis of necrotic ftecTc in Master lily seedlings ly sap transfer of 
cucum'ber -mosaic virus followed hy Aphis gossypii transfer of Uly-symptomless virus 


Expressed as number of plants infected over number treated. 


Cucumber-mosaic virus, by sap 

Lily-symptomless virus, by 
Aphis gossypii 

Necrotic fleck 
developing in 

Source 

Pate 

Plants 

inoc. 

Source 

Pate 

Plants 

inoc. 

Inoc. 

plants^ 

Control 

plants® 

Easter lily 

(1940) 

Feb. 8 

24 

Norwood 

Easter 

(1941) 

Feb. 21 

10 

8/10 

0/14 

Tobacco 

Dec. 18 

25 

lily 

(i 

Mar. 12 : 

10 

10/10 

0/15 

Tobacco 

Dee. 18 

10 

(( 

(1942) 
Jan. 29 

5 

4/5 

0/5 
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also) on transfer Ajphis gossypii. The presence of LSV was first postu- 
lated from the fact that this elon yields fleck on addition of CV while seed- 
lings do not (Table 1). 

In the experiments summarized in table 5, CV + LMV were first estab- 
lished in Easter lily seedlings as a test of the capacity of these 2 viruses to 
induce NF. No NF symptoms appeared, as already indicated (Table 1). 
After 3 to 13 months’ incubation, the plants in each test were divided into 2 
lots, 1 lot then being exposed to Aphis gossypii from Norwood Creole Easter 
lilies known to carry LSV and LMV. Twenty 4 wo of the 25 plants exposed 
to infection by both CV and LSV developed necrotic fleck symptoms 33 to 
37 days after the second inoculation (Figs. 2, 4), while 34 controls showed no 
fleck. CV was found present in 16 of 18 control plants indexed in 1943. It 
is evident from these experiments that a symptomless component LSV essen- 
tial for necrotic fleck was present in the Norwood Easter lilies, and that this 
component was carried by A. 

Because of the design of these particular tests, LMV was also present in 
the fleck synthesized. It should be equally feasible to synthesize necrotic 
fleck from the 2 essential components (LSV + CV) without LMV. This has 
been accomplished in a number of trials, but the percentage of necrotic fleck 
resulting has been low. Low proportions of necrotic fleck in attempted syn- 
theses are considered due to low virulence of CV in some inocula, and also to 
peculiarities in the feeding habits and virus relations of the vector Aphis 
as has been discussed above. 

It is considered feasible to produce pure cultures of LSV in Easter 
lily seedlings by the selective transfer of this virus from Norwood Easter 
lilies by Aphis gossypii. Unfortunately the only available test for the 
presence of LSV is to add CV, the production of fleck symptoms signifying 
the presence of LSV. If aphid transfers are made in 1 season and test in- 
oculations in the following season after the bulbs have been divided, it is 
possible to establish the presence of LSV by inducing NF in 1 division of a 
test plant while retaining another division as a pure culture of LSV. 

In one experiment necrotic fleck was synthesized by two species of 
aphids, Myzus pera'cae transmitting CV and Aphis gossypii transmitting 
LSV. Nine Easter lily seedlings were first exposed to M. persicae from a 
Creole lily showing NF symptoms (CV + LSV + LMV), with the resulting 
appearance of mottling (GV + LMV) but no flecking. Later A. gossypii wSiS 
transferred from Norwood Creole (LSV + LMV) to these 9 seedlings. Four 
■of the 9 plants developed necrotic fleck symptoms (CV + LSV) . This experi- 
ment would suggest the possibility of spread of necrotic fleck by M. persicae 
in commercial fields of Easter lilies (LSV -f-LMV), in which LSV is general 
and CV is occasional in necrotic flecked individuals (CV + LSV + LMV) . In 
such lily fields there is every reason to expect spread of CV with the resultant 
appearance of necrotic fleck, even in the absence of the vector A. gossypii^ 
for M. persicae and other vectors can transfer CV, the only constituent that is 
lacking. If such vectors of CV move across lily fields when migrating from 
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other crops, rapid dissemination of CV comparable to that noted for LMV 
(4) may be expected. 

HOST RANGE OF NECROTIC FLECK 

As indicated in table 2, only Easter lily is established as a suscept 
of both constituent viruses of necrotic fleck (CV and LSV), while the sus- 
ceptibility of tulip, Colchiciim, and Gloriosa to LSV is left in doubt. Early 
in the present study a number of different plant species, chiefly Monocots, 
were exposed to necrotic fleck inoculation by Aphis gossypii. It was believed 
at the time that such tests might provide evidence on host relations of all 
3 viruses (CV, LSV, LMV) present in flecked commercial Easter lilies. 
It was learned subsequently that this vector carries LMV infrequently, and 
also that it may carry both CV and LSV to some plants, and one or the other 
of these separately to others. The customary disclaimer as to significance 
of negative evidence is therefore appropriate at this point. 

Inoculations to Easter lily seedlings were made parallel with tests on 
blocks of other possible suseepts, and most of these indicated valid test 
conditions. Subinoculations to detect CV or LMV were made from the 
majority of the species exposed, and from all that showed symptoms. No 
evidence was found in these trials that any of the species enumerated below 
are susceptible to any of the 3 viruses in question, the positive and possibly 
significant results having been summarized above (Table 2) : — 

Amaryllidaceae — V allot a purpurea Herb. ; Araceae — Philodendron sp. ; 
CoMMELiNACEAE — Commelina coelestis Willd., C. nudiflora L. ; Cruciperae — 
Brassica rapa L. (turnip) ; Dioscoreaceae — Dioscorea alata L. ; Iridaceae — 
Belamcanda chinensis (L.) DC.; Freesia hyhrida Hort., Iris filifolia Boiss. 
(var. Imperator), 1. pallida Lam., I. versicolor L., Moraea iridioides L., 
Tigridia pavonia (L. f.) Ker-GawL, Tritonia crocata (L.) Ker-Gawl. ; 
Liliaceae — Agapanthus africamis (L.) Hoffmg., Allium cepa L. (var. 
Yellow Globe), A. cernuum Roth, A, odorum L., A. speciosum Gjt., Aloe sp., 
Asparagus asparagoides (L.) W. F. Wight, A. spr eng eriBegd, Asphodeline 
lutea (L.) Reichb., Brodiaea uniflora (Lindl.) Engl., Camassia leichtlinii 
(Baker) S. Wats., Convallaria majalis L., Dracaena sanderiana Sander, 
Erythronium sp., Galtonia candicans Decne,, Haworthia altilinea Haw., 
Eosta plantaginea Aschers., Kniphofla tucki Baker, Lilium hansoni Leichtl., 
L. henry i Baker, L. humholdtii Roezl & Leichtl., L. pardalinum Kellogg, 
L. parry i S. Wats., L, parvum Kellogg, L. sargentiae Wilson, L, superhum 
L., Medeola virginica L., Muscari polyantMim Boiss., Nothoscordum 
fragrans (Vent.) Kunth, Ophiopogon jaluran (Siebold) Lodd., Orni- 
thogalum thyrsoides Jacq., Sansevieria zeylanica Willd., Smilacina racemosa 
(L.) Best., Smilax sp., Tricyrtis hirta Hook., Trillium sp., Uvularia sessili- 
folia h., Yucca iaccata Torr., Y. flaccida Haw.; M.mACBA-E---Musa caven- 
dishii Lamb., M. texiilis Nee; Zingiberaceae — Hedychium coronarium 
■' Koen. 
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Failure to produce CV infection in Commelina nucli flora and Musa 
cavendishii is surprising in view of Wellman’s (21) success in producing 
symptoms in both these plants with the celery strain of CV on transfer of 
Aphis gossypil Inasmuch as parallel trials on Easter lily seedlings were 
successful, the above results indicate that Commelina and Musa are not 
readily affected by lily strains of CV. Natural infection has not been de- 
tected in G. nudiflora growing as a weed near flecked Easter lilies in Louisi- 
ana, nor in bananas occasionally grown for ornament in that State. The 
commonly heavy infestations of A. gossypii on flecked Creole lilies in some 
sections of Louisiana should produce ample opportunity for infection of 
the Commelina growing adjacent. This weed is reported commonly affected 
with the celery strain of CV in celery districts of Florida, and is considered 
an important reservoir of the virus (7). 

Lilium sargentiae and L. superlum, though not infected in these tests, 
have been found naturally infected with CV and with LMV (2) . It is to be 
expected that Aphis gossypii will carry CV to these and other species of lilies 
under some conditions, and other vectors of CV, Macrosiphum solanifolii and 
Myzuspersicae^maj also do so, 

DESCEIPTION OP LILY-SYMPTOMLESS VIRUS 

The evidence developed above is believed adequate to establish the 
existence of a symptomless constituent of necrotic fleck. This evidence may 
be summarized as follows: (1) Analysis of naturally occurring necrotic fleck 
reveals cucumber-mosaic virus (CV) and mottle virus (LMV), but analysis 
of some experimentally produced necrotic fleck reveals only CV. LMV is, 
therefore, not an essential constituent of fleck. (2) CV does not produce 
necrotic fleck in, previously virus-free Easter lilies, but does so in certain 
symptomless commercial Easter lilies. (3) Mechanical tr^p-sfer from such 
symptomless Easter lilies to seedlings experimentally infected with CV 
does not produce necrotic fleck symptoms, but Aphis gossypii transfer from 
the same symptomless source plants does produce fleck. (4) The necrotic- 
fleck complex has a specific vector, A. gossypii, and a well-defined latent 
period in this vector, whereas CV has several vectors with no such latent 
period in these. 

The symptomless virus LSV, which, in combination with CV, produces 
necrotic fleck in Easter lilies, does not fall into any of the categories thus 
far erected for plant viruses. Although the possibility always remains that 
symptoms may be produced by this virus in some other plant, the tests thus 
far conducted have demonstrated only one host plant, Lilium longiflorum. 
Inasmuch as this virus is transmitted by an aphid. Aphis gossypii, and with 
difficulty by sap, it shows affinity with the group of viruses placed in Marmor 
(11), and could be placed in the family Marmoraeeae if the concept of this 
family could be broadened to include symptomless forms. Lily-symptomless 
virus, therefore, is made the type of a new genus Adelonostis, which is ten- 
tatively assigned to Marmoraeeae. 
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Adeionosus (new genus) : Adelos (invisible) +nosos (disease).^ 

Viruses capable of multiplying in living plants, but producing no recognizable symp- 
toms in these, except on interaction with distinct viruses with which they form complexes. 
Transmitted by aphids, by sap, or by both means. 

Type species Adeionosus liliL 

Adeionosus lilii (n. sp.). 

Common name : Lily-symptomless virus. 

Geographic distribution. United States, Japan. Probably coextensive with commer- 
cial culture of Easter lily (Mmm . 

Host range: Liliaceae — Lilium longiflorum. No other host established. 

Symptoms : No symptoms in pure culture in Easter lily seedlings j necrotic deck when 
present together with cucumber-mosaic virus (Marmor cucumeris Holmes). 

Methods of transfer: By sap with difficulty (3.6 per cent transfer of the complex 
Adeionosus lilii Marmor cucumeris). By Aphis gossypii only, among the insect species 
tested; with a latent period of a few days in this vector. Not through seed. 

Properties: Not determined. 

Test reaction: Addition of Adeionosus lilii to Easter lilies induces necrotic flecking 
when cucumber -mosaic virus is also present. 

DISCUSSION 

Tlie conception of a completely symptomless virus is advanced with some 
reluctance by the writers. It is recognized that a single test plant expressing 
symptoms would reduce the proposed genus Adeionosus to synonymy, pos- 
sibly with Marmor. Such a test species would be of very great value in 
studies of distribution and properties of this virus. A fairly extensive 
search for such a test species has therefore been made. Further search will 
be justifiable if the techniques of manipulating this virus and its vector 
can be appreciably improved. 

The proposed common name, lily-symptomless virus, is acknowledged 
to be awkward, but the more fitting name, lily-latent virus, has been pre- 
empted by McWhorter (13) for a member of the mottle or tulip-breaking 
group (4), to which Holmes (11) has assigned the name Marmor mite. 

Lily-symptomless virus (LSV) is far more common Li Easter lilies than 
is cucumber-mosaic virus (CV). This is a surprising fact inasmuch as 
LSV is known to occur only in Easter lilies and is transmitted in nature 
only by the melon aphid, whereas CV occurs in many other plants and is 
transmitted by several other vectors. A smaller discrepancy in range and 
prevalence might be accounted for by more efficient transfer of LSV by 
Aphis gossypiiy as was indicated in some experimental transfers of the 
necrotic fleck complex, and by evidence that LSV is persistent in its vector. 
However, the wide difference in prevalence noted suggests that LSV has 
long been common in most Easter lily varieties, and that CV has more 
recently become prevalent in these. 

The Creole Easter lilies grown for generations in the Delta district of 
Louisiana are said to have been free from necrotic fleck until recent years, the 
appearance of the fleck disease dating from the introduction of other Easter 
lily varieties (Giganteum, Harrisi) for comparison. As late as 1941, when 
necrotic fleck was prevalent near these centers of introduction, this disease 
was still absent from isolated plantings of Creole lilies in other Louisiana 
parishes as well as in Alabama, Florida, South Carolina, and Virginia. The 

s The writers are inflehted to Charles Breehsler for selection of the generic name. 
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origin of the Creole variety is not known, but it seems probable that lily- 
symptomless virus was introduced and disseminated with this variety, and 
that the necrotic fleck disease appeared later after a second separate 
introduction. 

Similarly the Croft and other varieties of Easter lily long cultivated in 
Oregon are remarkably free of the necrotic fleck disease, but samples tested 
have proved to be carriers of lily-symptomless virus. The origin of these 
varieties also is in doubt, but a recent seed origin does not readily account 
for the prevalence of this virus unless the seedlings were at some time 
grown near affected Easter lily varieties in a section where Aphis gossypii 
was prevalent. 

The fact that Easter lily varieties such as Creole and Croft have, in 
certain sections, remained free from necrotic fleck for years, shows that 
cucumber-mosaic virus does not commonly spread from other plants to lilies, 
inasmuch as only CV is needed to produce necrotic fleck in Easter lilies 
already carrying LSV. As shown above, the necrotic-fleck complex is 
readily produced by mechanical addition of CV to such Easter lilies. It 
may be assumed that any vector of CV that migrates from plants affected 
with CV can thus produce fleck in such commercial lilies. In other words, 
though Aphis gossypii is the only true vector of the necrotic fleck complex 
(CV + LSV), any vector of CV might appear to be a vector of necrotic fleck 
to commercial stocks already affected with LSV. As evidence of such 
natural synthesis of necrotic fleck is rarely if ever detected in commercial 
Easter lily culture, the indication is either (1) that there is little natural 
migration of vectors from other reservoirs of CV to lilies, or (2) that such 
reservoirs of CV are uncommon in districts of commercial Easter lily culture. 

Aphis gossypii is the principal vector of CV in cucurbits (6) as well as 
in lilies. In our tests this aphid has not been readily transferred from 
cucumber to Easter lily or vice versa, and presumably does not migrate 
readily from one to the other in nature. Similarly, free migration from 
Echinocystis lohata Toyy, & Gray, the wild cucumber in which this virus 
is seed-borne, is not to be expected. No information is at hand concerning 
the freedom of movement of this or other aphid vectors from lily to the 
recognized perennial hosts of CV, namely Asclepias syriaca h., Phytolacca 
decandra L., Physalis heterophylla Nees, P. sulglahrata Mackenzie and Bush, 
Nepeta cat aria L. It may be further noted that these potential reservoirs 
of CV have been found affected only in the vicinity of cucurbit cultures, and 
that they have not been detected as carriers of CV near Easter lily cultures. 
It therefore appears, in spite of other possibilities mentioned, that commer- 
cial Easter lilies become infected with necrotic fleck chiefly, if not ex- 
clusively, from other infected Easter lilies. 

Easter lilies produced from seed, and suitably isolated from bulb-per- 
petuated lilies, remain virus-free. Evidence against seed transmission of 
CV and LMV is presented elsewhere (4), while evidence against seed car- 
riage of LSV is afforded by data such as those in Sect. A of table 1. Inas- 
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mncli as mottle viruses (4) and LSV have very restricted host ranges and, 
as indicated above, CV does not appear to spread readily to lilies from other 
sources, there is reason to believe that adequately isolated seedling Easter 
lilies will remain virus-free indefinitely. Encouraging as they are, these 
findings are of technical interest only. Present and prospective American 
producers of Easter lilies are agreed that virus-free culture is impractical. 
The facts that Easter lily seedlings are too variable for immediate use in 
forcing, and that rigid isolation must be practiced during the years of 
selection and increase of new varieties, remove such an undertaking from 
the field of the commercial producer. 

Demonstration of the separate etiology of mottle and necrotic fleck is, 
on the other hand, of value to such producers who have for practical reasons 
decided to rogue necrotic fleck but to ignore mottle. As mottle is not an 
essential constituent of necrotic fleck, mottling can logically be evaluated 
as a separate disease. 

SUMMARY 

The necrotic fleck disease of Easter lilies is described, and 2 sub-types, 
sparse fleck and very sparse fleck, are distinguished in symptom expression, 
but not in etiology. 

The necrotic-fleck virus complex is mechanically transmissible to Easter 
lily seedlings with difficulty (about 4 per cent successful), but is readily 
transferred (87 percent) to commercial Easter lilies. 

Cucumber-mosaic virus does not induce necrotic fleck symptoms in pre- 
viously virus-free Easter lily seedlings, but does induce these symptoms in 
commercial Easter lilies. 

Cucumber-mosaic virus and lily-mottle virus together fail to produce 
necrotic fleck in previously virus-free Easter lily seedlings. 

Only Aphis gossypii has been found to transmit necrotic fleck to pre- 
viously virus-free Easter lily seedlings. Mac^^osiphum solanifolii and Myzus 
persicae have been found to carry cucumber-mosaic virus and lily-mottle 
virus, but not fleck, to such seedlings. Aphis fahae, Macrosiphim Ulu^ 
Myztis circuniflexus^ and M. convolvuli were not found to carry any virus 
from necrotic-flecked Easter lilies to seedlings. 

Aphis gossypii transmitted cucumber-mosaic virus from necrotic-flecked 
Easter lilies to Calochortus sp., Colchicnm antumimle, Gloriosa rothschildi- 
ana, and Fritillaria pudica, not previously recorded as being susceptible to 
this virus. 

Lily-mottle virus, which commonly accompanies necrotic fleck in Easter 
lilies, has been found absent from some experimentally produced necrotic 
fleck in Easter lily, and is therefore not an essential component of necrotic 
fleck. 

A lily-symptomless virus is postulated as an essential component of 
necrotic fleck, producing necrotic fleck symptoms when present with cucum- 
ber-mosaic virus. 
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Lily-syniptoniless virus is apparently confined to Easter lily, but the sus- 
ceptibility of tulip, Colchicum, and Oloriosa, to this virus remains in doubt. 
No evidence of susceptibility to this virus was found in other plants tested, 
namely 56 species representing 40 genera and 9 families, chiefly Mono- 
cotyledons. 

Lily-symptomless virus occurs in symptomless Creole Easter lilies known 
as the Norwood strain, in mixture with lily-mottle virus. Sap transfers 
from the Norwood strain do not produce necrotic fleck in Easter lily seed- 
lings previously infected with cucumber-mosaic virus. Transfers from the 
same Norwood source by Aphis gossypii do produce fleck in such seedlings, 
thus synthesizing necrotic fleck. Transfers of cucumber-mosaic virus to 
Norwood Creole, either by sap or by the vector, readily synthesize necrotic 
fleck. 

Lily-symptomless virus passes a latent period of some 4 to 6 days in 
Aphis gossypii This permits separation of this virus from lily-mottle virus. 

A new genus, Adelonosus, is created for plant viruses inducing no symp- 
toms, and A. lilii, the lily-symptomless virus, is named as the type species. 

The distribution and economic significance of necrotic fleck and of the 
symptomless component are discussed. 

Plant Industry Station, 

Beltsville, Md. 
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BLACK SCALE : A DISEASE OP EASTER LILY BULBS^ 

A . G . P L A K I D A S 
(Accepted for publication January 10, 1944) 

In August, 1937, a specimen of fresh-dug bulbs of easter lily {Lilium 
lo7igiflorum) showing dark-brown to black lesions was brought to this labora- 
tory by D. L. Gill, who collected it in a field in Boothville, Louisiana. A 
second lot of diseased bulbs from Buras, Louisiana, was brought in a few 
days later by P. D. Cochran. Both men reported the disease as serious in 
many lily fields in Plaquemines Parish, and causing considerable concern to 
the growers. 

In October of the same year, the writer visited the lily-growing district 
to obtain additional material for study and more information on the distri- 
bution and importance of the disease. The growers differed in their opinions 
as to the cause of the disease, some blaming it on poor drainage, others on 
drought, and others on the fertilizer used, but there was complete unanimity 
among them that this apparently new disease was extremely destructive, and 
that it threatened the commercial growing of lily bulbs. Losses as high as 
80 per cent were reported by several of the growers. One of the oldest lily 
growers in the area reported that of a total of 40,000 bulbs he harvested in 
1937, only about 7,000 were salable ; the rest were diseased. 

All the growers interviewed appeared to agree that the disease was new 
to their area. They stated that a few diseased bulbs were observed in some 
fields 3-4 years earlier, but that serious losses were not incurred prior to 
about 1936. Granted that reliance can be placed on these statements of the 
growers, it is of interest to speculate upon where the disease came from. 
It is known that on more than one occasion lily bulbs from Bermuda, where 
the disease is known to occur, have been planted in the lily-growing area of 
Louisiana, and it may be inferred that the disease was introduced on these 
bulbs. This, however, is only a speculation. 

A study of the disease was undertaken in 1937 and continued for two 
years. The information obtained from this study showed conclusively that 
the black scale is caused by a fungus belonging to the genus Collet otrichtm* 
Except for a brief abstract (5), publication of these findings has been de- 
layed in the hope that further work might be done on the problem and par- 
ticularly on efforts to devise some effective control measure. As resumption 
of the investigations does not appear feasible at present, it has seemed 
advisable to publish the information obtained with the hope that it may be 
useful to other investigators. 

1 The disease is known locally under various names, such as black bulb,^’/ 'brown 
bulb,^^ "brown seale,^^ or "black scale.’’ In a preliminary report (5) the writer used 
the term "brown scale.” The name "black scale” has priority, since it has been used 
to designate what appears to be the same disease on Easter lily bulbs in Bermuda (2, 3, 
7, 8), and, for the sake of uniformity, will be used in this publication. 

56b 
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DESCRIPTION OP THE DISEASE 

Macroscopic Symptoms. Freshly dug normal bulbs are white to lemon- 
yellow. In contrast, diseased bulbs show varying degrees of color from 
brown to nearly black, depending on the number and size of the lesions on 
the scales (Fig. 1, A). The injury extends to several layers of the scales, 
the outermost being the most severely affected. Young lesions appear as 
more or less irregular light-brown areas on the scales. At this stage, the 


Fig. 1. Black scale of Easter lily. A. Severely diseased bulb. B. Healthy bulb. 
Approximately natural size. 


injury is limited to the epidermal cells. Older lesions are darker-brown and 
somewhat sunken, due to collapse of the epidermis and one to two layers of 
the suhepidermal cells. Still older lesions are nearly black, and the affected 
tissues are shrivelled and dried. The lesions are more numerous on the apex 
half of the scales and, for the most part, occur on the outer (convex) surface, 
though often are found also on the inner (concave) surface. The plates 
(stems) and roots appear not to be affected. The core even of severely dis- 
eased bulbs appears perfectly normal, and it is known that when diseased 
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bulbs are planted they grow almost normally and produce flowers. How- 
ever, because o£ their unsightly appearance, diseased bulbs are unsalable. 


Pig. 2, A. Section througli healthy bulb scale showing normal epidermal and first 
layer of subepidermal cells. B. Section through young lesion showing injury to the epi- 
dermis and the first layer of subepidermal cells. C. Section through an older lesion show- 
ing injury extending to the fourth subepidermal layer of cortical cells. The epidermis and 
the first layer of cortical cells have collapsed, and the fungus invasion extends to the fourth 
layer of subepidermal cells. All x 200. 

Microscopic SyMpioms : Pathological Histology . The description of the 
microscopic symptoms is based on examination of hundreds of sections (both 
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free-hand and paraffin preparations) of diseased scales made through lesions 
in different stages of development. 

In the very young lesions (light-brown spots) the epidermal and the first 
lay^r of subepidermal cells are definitely injured, as shown by their brown 
discoloration, their somewhat flattened shape, and the thickening and flabbi- 
ness of their walls (Fig. 2, A, B) . At this stage, mycelium occurs sparingly 
in the tissue, and consists of rather thick hyphae of irregular diameter, 
occurring between the epidermal and the first layer of subepidermal cells. 
Mycelium is present on the surface of the lesions at this stage, and it is prob- 
able that the fungus kills or injures the tissue in advance of invasion. In 
later stages (lesions dark-brown and somewhat sunken) the epidermis and 
the first layer of subepidermal cells are completely collapsed, and mycelium 
now occurs very abundantly on the surface, beneath the cuticle, and inside 
the epidermal and first layer of subepidermal cells, and progressively less 
abundantly in the second, third, and fourth subepidermal layers of cortical 
cells (Fig. 2, C). No attempt was made to study the disease in old, 
shrivelled scales because these were usually invaded by secondary organisms, 
particularly Ftisarium and Penicillimn, In general, it appears that in 
young and moderately old lesions the injury caused by Collet otrichiim is 
relatively shallow, limited to the epidermis and the first 2 to 4 layers of 
subepidermal cells. 

FUNGI ASSOCIATED WITH THE DISEASE 

Three fungi, species of Golletotrichum, Fusarium, and Penicillvumy were 
those most commonly isolated when tissue plantings were made from scale 
lesions. The last-named fungus resembles P. cyclopium Westling (4) in 
culture, but no attempt was made to identify it definitely. It appeared that 
the longer the bulbs were kept in storage the greater was the percentage of 
Fusarium and Penicillmm cultures obtained from the tissue plantings and 
the harder it was to isolate the Colletotrichum. On the other hand, when 
tissue plantings from freshly dug bulbs were made, Collet otrichiim was iso- 
lated very readily and almost exclusively. For example, out of 37 colonies 
developing from tissue plantings from a specimen of freshly dug bulbs on 
August 15, 1943, 30 were CoUetotrichum, 4 Fusarium, and 3 unidentified. 
From another lot of bulbs, which had been in storage for several months, out 
of 28 colonies growing out of tissue plantings 16 were Fusarium, 8 Peni- 


TABLE 1. — Fungi isolated from tissue plantings from 'black scale lesions 


Lot 

No. of 
isolations 

Fusarium 

Colletotrichum 

Penicillium 

Otlier 

fungi 

1 

179 

60 

71 

48 

0 

2. . 

27 . 

12 

12 

1 

2 

■ 3 ■ ■ 

.'85 

31 

28 

25 

1 

4 

37 

4 

30 

0 

3 

5 

40 

28 

4 

8 

0 

6 

62 

14 

33 

10 

5 

Total 

430 

149 I 

178 

92 

11 
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cilUum, and 4: ColletotricJium. The isolations made from 6 different lots of 
diseased bulbs are summarized in table 1. 

PATHOGENICITY 

Laboratory Tests 

As a preliminary test, the pathogenicity of the fungi isolated was studied 
in the laboratory. Healthy scales and bulblets were surface-sterilized with 
1-1000 HgCL, washed in sterile water, dried on sterilized filter paper, placed 
in moist chambers, and inoculated with various isolates of Fusamim^ Peni- 
cilUumy and Colleto trichum and with combinations of the 3 fungi. The 
inoculum was placed on punctures made with a flamed needle. 

Results, Rotting was caused by all 3 fungi, the Fusarium isolates being 
the most aggressive and the Penicillkmi isolates the least. Fusarium and 
Penicillium produced a soft type of rot. In only two instances did Colleto- 
trichum isolates produce a more or less superficial, slightly sunken, dry type 
of lesions, which resembled somewhat the lesions as they occur naturally in 
the field. In other instances the rot was soft ; deep-seated, not much differ- 
ent from that produced by Fusarium and Penicillium. 

Soil Infestation Tests 

It was evident that the laboratory method of testing the pathogenicity 
of these fungi was not satisfactory. In subsequent experiments, the 3 fungi 
were used, alone or in combination, to infest soil in which healthy bulbs 
were planted. This method, which approximated field conditions, furnished 
conclusive evidence that the Colletotrichum is the cause of the black scale 
disease. 

Experiment 1. Soil was taken from a field from which about 80 per 
cent of the bulbs harvested in 1937 were diseased. The soil was divided 
into two lots, one of which was sterilized by autoclaving for 4 hours; the 
other was left non-sterilized. Each lot was then subdivided into 12 series. 
The scheme of the experiment and the results obtained are shown in table 2. 

The inoculum was prepared by growing the respective fungi in Mason 
Jars on autoclaved grain (3 parts oats, 1 part wheat). The inoculum was 
mixed with the soil in the soil-infestation series. 

The cottonseed meal (Series C, D, 0, and P) wms added to the soil in 
order to test the claims of some of the growers that the disease was either 
caused by cottonseed meal, or was much more severe when cottonseed meal 
was used as fertilizer. 

The duplicate series (poor drainage), in which glazed porcelain crocks 
instead of pots were used as containers, were included in order to determine 
the effect of poor drainage. Several of the growers maintained that the 
disease was much more severe on poorly drained land. The crocks were not 
perforated, and the soil in them was flooded 3 times during the course of the 
experiment to simulate poor drainage conditions. In the ‘^good drainage’’ 
series, 7-inch perforated pots were used as containers. 
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It will be noted by examining the arrangement of the experiment, that 
the Ftisarium and Collet otrichum inocula (series 6, H, S, and T) were used 
in combination instead of separately, as was done with Penicillium. There 
were several reasons for this. Firstly, the amount of sterilized soil and the 
number of healthy bulbs at hand when the experiment was being set up were 
limited and did not allow inclusion of additional series. Secondly, it was 
suspected that Penicillium was the causal organism ; so care was taken to use 
this fungus separately. 


TABLE 2 . — Pathogenicity studies. Arrangement and results of experiment X 


Series and treatment 

No. bulbs 
harvesteda 

No. bulbs 
diseased 

Per cent 
diseased 

Lot I. Non-sterilized soil 

A. Cheek; non-inoculated, good drainage 

7 

3 

42.8 

B. Check; non-inoculated, poor drainage 

G. Cottonseed meal; good drainage 

6 

0 

0.0 

11 

5 

45.4 

I). Cottonseed meal ; poor drainage 

E. Penicillium ; good drainage 

8 

2 

25.0 

11 

4 

36.4 

F. Penicillium ; poor drainage 

10 

4 

40.0 

G. Pusarium and Colletotriclium ; good drainage 

17 

13 

76.5 

H. Pusarium and Colletotriclium; poor drainage 

7 

6 

85.7 

I. Pusarium, Colletotriclium and Penicillium; 
good drainage 

17 

i 17 

100.0 

J. Pusarium, Collet otrichum and Penicillium; 
poor drainage 

14 

11 

78.6 

K. Diseased bulbs; good drainage 

11 1 

11 

100.0 

L. Diseased bulbs; poor drainage 

19 

19 ' 

100.0 

Lot II. Sterilized soil 

M. Check; non-inoculated soil; good drainage 

10 

1 

10.0 

N. Cheek; non-inoculated soil; poor drainage 

O. Cottonseed meal; good drainage 

13 

•0 

0.0 

10 

0 

0.0 

P. Cottonseed meal; poor drainage 

2 

0 

0.0 

Q. Penicillium ; good drainage 

9 

1 

11.1 

R. Penicillium ; poor drainage 

15 

1 

6.6 

S. Pusarium and Colletotriclium ; good drainage 

T. Pusarium and Collet otrichum; poor drainage 

13 

13 

100.0 

4 

1 

25.0 

XJ, Pusarium, Colletotriclium and Penicillium ; 
good drainage 

20 

20 

100.0 

V. Pusarium, Colletotriclium and Penicillium; 
poor drainage 

1 

1 

100.0 

W. Diseased bulbs ; good drainage 

17 

17 

100.0 

X. Diseased bulbs ; poor drainage 

7 

7 

100.0 


a The number of bulbs harvested was not the same as the number planted because in 
most eases they multiplied, while in some eases in the poor drainage series soft rot set in 
and rotted completely some of the bulbs. 


The diseased bulbs (series K, L, W, and X) were included in order to 
see what effect the disease had on their growth and to determine whether or 
not they would recover. All the other series were planted with healthy 
bulbs. , 

The experiment, which was carried on in the greenhouse, was started on 
October 14, 1937, and the bulbs harvested and examined on June 13, 1938. 

Results. The results of experiment I are summarized in table 2. Ex- 
amining first the first half of the table (Lot I, non-sterilized soil), we see 
that the disease occurred in all series (except in series B, poor drainage; the 
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effect of poor drainage is discussed below) . This was to be expected, for, as 
stated in the foregoing, the soil used for the experiment came from a field 
in which the disease was very severe. Fragments of diseased scales were 
present, so the soil was well-contaminated. However, even in non-sterilized 
.soil, the series in Avhieh Fiisarium and Golletotrichum were used as inoculum 
.(G, H, I, and J) showed a much higher percentage of disease than either the 




Pig, 3. A. Cheek. Healthy bulbs grown in sterilized non-inoculated soil. B. Typi- 
>cal black scale symptoms on bulbs grown in soil inoculated with Collet otrichim lilii m.d 
Fusarium Bpp. Approximately i natural size. 

clieck or the PeniciUium series. The second half of the table (Lot II, steril- 
ized soil) shows definite and clear-ent results. Here, in all series (except T, 
poor drainage) in which Fiisarium and Golletotrichum were used to inocu- 
late the soil, 100 per cent infection was obtained (Pig. 3). Prom these 
results, it was reasonably safe to conclude that either Fusarium or Colleto- 
triohuMy or a combination of the two, was the cause of the black scale. 
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It should be noted that 1 bulb out of 10 in the cheek (Series M, Table 2) 
and 1 bulb in each of the Penicz^Zmm-inoculated soils (Series Q and 
Table 2) were diseased. This perhaps was due to accidental contamination. 
Although due precautions were exercised in setting up the experiment, all 
the containers were located on the same bench in the greenhouse, and chance 
contamination while watering was possible. It is possible also that some of 
the bulbs used for planting, although appearing perfectly healthy, might 
have had incipient infections on some of the scales. 

The influence of poor drainage on the disease, under the conditions of 
this experiment, was interesting. In many instances, both in the sterilized 
and non-sterilized soil lots (series B, D, J, and T), the percentage of diseased 
bulbs was lower under poor drainage conditions than in the corresponding 
series where good drainage was provided. This was because soft rot set in 
under poor drainage conditions. The soft rot either rotted the bulbs com- 
pletely or, more often, rotted the outer scales (which would normally show 
black scale lesions) leaving a clean core. It is not claimed, of course, that 
the artificial poor drainage conditions provided for in this experiment would 
correspond to poor drainage conditions in the field. 

The addition of cottonseed meal to the soil had no effect on the disease 
under the conditions of this experiment. 

While the diseased bulbs (series K, L, W, and X, Table 2) did not 
recover, they made good growth and produced flowers. This is in agreement 
with the experience of the growers. 

Experiment 2. Soil was taken from Boothville, Louisiana, from a field 
in which over 80 per cent of the bulbs harvested in 1938 were diseased. The 
soil was sterilized by autoclaving for 7 hours. The inocula consisted of 
12-day-old cultures of the respective fungi {Eusarium, Colletoirichum, and 
PenicilUum) on autoclaved oats in Mason jars. In this experiment, not only 
were the 3 fungi used separately and in combination, but also separate series 
were run with different isolates of Fusarium and Collet otrichum picked at 
random. The experiment was started on November 12, 1938, and the bulbs 
were harvested and examined on August 14, 1939. Ten 6-inch pots were 
used for each series, and two bulbs were planted in each pot. The pots -were 
kept in the greenhouse during winter, then removed outdoors in April. 

The arrangement of the experiment and the results obtained are shown 
in table 3. 

Besults. The results of this experiment show rather definitely that of 
the 3 fungi found associated with black scale, Collet otrichnm is responsible 
for the disease. Each of the 4 isolates of Collet otrichum, which had been 
picked at random from many isolations, as well as a combination of the 4 
(Table 3, series I-M), produced the disease. Infection in each case was 
high, the per cent of diseased bulbs ranging from 85 to 100. Of a total of 
146 bulbs harvested from the Collet otrichum series, 133, or 91.1 per cent, 
were diseased. This is considered conclusive evidence that the fungus is the 
cause of the disease. 
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TABLE 3 . — Pathogenicity studies. Arrangement and results of experiment S 


Series 

Inoculum 

No. 

bulbs 

har- 

vested 

No. 

bulbs 

dis- 

eased 

Per 

cent 

dis- 

eased 

A 

Check; non-inoculated 

24 

0 

0.00 

B 

Fusarkim (isolate M31A) 

30 

la 

3.33 

C 

Fusarium (isolate M37B) 

25 

0 

0.00 

D 

Fusarium (isolate M49) 

23 

la 

4.35 

B 

Fusarium (isolate M65) 

25 

0 

0.00 

E 

Fusarium (isolate M75B) 

35 

0 

0.00 

G 

Fusarium (isolate M112) 

29 

0 

0.00 

H 

Fusarium (combination of above isolates) 

26 

0 

0.00 


Total of oXl Fusarium series 

193 

2 

0.01 

I 

Collet otriehum (isolate M3 2) 

29 

25 

86.20 

J 

Collet otrichum (isolate M60) 

27 

23 

85.18 

K 

Collet otriehum (isolate M80) 

27 

24 

88.88 

L 

Collet otrichum (isolate M117) 

30 

28 

93.33 

M 

Colletotrichum (combination of above isolates) 

33 

33 

100.00 


Total for all Colletotrichum series 

146 

133 

91.10 

N 

Fusarium i- Colletotrichum (all above isolates) 

21 

19b 

90.48 

0 

Penicillium (3 isolates M3 8, M69, and Ml 09) 

39 

4c 

10.25 

P 

F., C., and P. (all above isolates) 

15 

11b 

73.33 


a Light iiifection, 1—2 lesions. 

b Disease less severe than in series I-M where Collet otricJiim was used alone, 
c Doubtful, 1-2 lesions per bulb, rot soft, not typical of black scale. 


The Fiisarium, on the other hand, proved non-pathogenie. Six isolates 
individually or in combination (Table 3, Series B-H), produced no infec- 
tion. There were 2 lesions on a scale of 1 bulb in series B and 1 lesion on a 
bulb in series D. These were assumed to be due to accidental contamination 
by splattering in watering the pots, or to incipient infection on the bulbs 
planted. Of a total of 193 bulbs harvested from the soil inoculated with 
Fusarmm, 191 were healthy. 

Four of 49 bulbs grown in the soil inoculated with Penicillium (Table 3, 
Series 0) showed a small amount of disease, but the lesions were not typical 
of black scale; the rot was rather soft and deep. 

Experiment 3. This experiment, set up on November 10, 1939, was 
essentially a repetition of Experiment 2 with the following modifications : 


TABLE 4 . — Pathogenicity studies. Arrangement and results of experiment 3 


Series and treatment 

No. of 
bulbs 
harvested 

No. of 
bulbs 
diseased 

Per cent 
diseased 

A. Cheek; sterilized soil, no other treatment 

1 

d 

0.0 

B. Check; autoclaved oats mixed with soil ............ 

5 

0 

0.0 

C-H. Soil inoculated with Colletotrichum 

8 

7 

87.5 ■ 

I-P. Soil inoculated with Fusarium 

35 

■5a"',' 

14.3 

Q. Soil inoculated with Penicillium 

6 

0 

0.0 

B. Soil contaminated with diseased scales 

7 

■' 5 

71.4 


a Cultures of both Fusarium and Colletotrichum were obtained from these bulbs. 
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1. Soil from Baton Eouge, a mixture of equal parts of heavy black clay and 
sandy loam, was used. This was sterilized by autoclaving ; 2. Additional 
isolates of Fusmum s]}, were included as inoculum. These were isolated 
from diseased bulbs from the previous experiments; 3. One series of 10 pots 
was included in which the soil was artificially contaminated by incorporating 
in it fragments of diseased scales. 

In all, 18 series of 10 pots each were included. The arrangement of the 
experiment and the results obtained are shown in table 4. 

The bulbs used in this experiment came from a ''sick'' field, and, al- 
though selected as being healthy, they had been in eoiitact with infested 
soil and diseased bulbs ; and it was expected that some, at least, would have 
incipient infections and also be contaminated with spores. Since these bulbs 
were large, their outer scales were removed and the clean cores were dipped 
for 5 minutes in a solution of calcium hypochlorite (33 g. per 1. of water) 
a week before planting. This method of disinfection apparently was not 
entirely effective, because growth of both Fusarium and Collet otrich%tm 
developed on some of the dipped bulbs when they were placed in moist 
chambers. 

Results, The plants were injured severely by freezing. The pots were 
on a bench near the door of the greenhouse, and on the night of January 18, 
during freezing weather, the door blew open and the young plants were 
severely injured. Soft rot set in following the frost injury, and most of the 
bulbs rotted completely. The results obtained from the surviving bulbs 
(Table 4) are, however, in essential agreement with those obtained in experi- 
ment 2. 

Again a high percentage of disease occurred in the soil inoculated with 
Collet otrichum. That some disease occurred in the Fusarium series is not 
surprising, considering the source of the bulbs used. Colletotrichum was 
isolated from the 5 diseased bulbs of the series. The high incidence of dis- 
ease in the soil contaminated with fragments of diseased scales (Table 4, R) 
is noteworthy because it illustrates how the fungus is perpetuated in the soil. 
Lily scales break easily, and many are left in the soil during digging. 
Furthermore, scales left in the soil usually do not rot but grow and produce 
new bulblets. For this reason it is very difficult to clean up a field once it 
becomes infested. 

THE FUNGUS 

No critical study concerning the identity of the organisms associated with 
the black scale disease of Easter lily has been found in the literature. The 
only references found are in the form of notes or brief reports. It is inter- 
esting to note that previous to its appearance in Louisiana (5), all reference 
to this disease either originated in Bermuda or was about specimens of lilies 
grown in Bermuda. This would indicate that the disease was not known or 
had not been recognized in other parts of the world. It should be remem- 
bered that most of the earlier reports appeared before the virus diseases of 
lilies (mosaics and yellow flat) had been identified as separate and distinct 
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entities ; and it is evident from the reports that the symptoms and the possi- 
ble etiologies of the virus and black scale diseases often were confused. 

Halsted (1) found Vermicularia and Phyllosticta on “all the older or 
browner leaves” of Easter lily plants submitted to him for examination. 
Stewart (6), investigating what from his description appears to have been 
fleck mosaic, reported finding Vermicularia and mites on the bulbs, “but by 
no means constantly and seldom in sufficient numbers to account for the 
damage.” Whetzel (8) stated that the black scale is, in some respects, the 
most serious disease of lilies in Bermuda, and that “the disease is caused by 
a fungus, but the identity of the pathogene has not yet been determined.” 
In a personal letter (Dec. 8, 1942) Whetzel has kindly informed the writer 
that the fungus in question, often obtained from the black lesions on the lily 
scales, was tentatively identified as.Volutella or Vermicularia; and his belief 
that the fungus was the cause of the disease had been based on the results of 
inoculation experiments on healthy scales in moist chambers, but that the 
results of later experiments (unpublished) had satisfied him that the fungus 
was probably only secondary, the mosaic being primarily responsible for the 
disease condition and the results described in his published repoi't. It is 
apparent that Whetzel was not dealing with a single disease ; his description 
of the trouble was obviously a composite picture of the symptoms of two 
diseases, black scale and fieek mosaic. Ogilvie (2) stated that Volutella sp. 
was the cause of black scale, although in a later report (3) he expressed a 
different view; “Work on the spotting of the bulbs common in certain soils 
(‘black scale’) again showed that this condition is a physiological one due 
to small points of asphyxiation taking place in heavy or water-logged soils, 
and cannot be classed as a disease. Such bulbs produce healthy plants. The 
Volutella sometimes found on the spots is purely secondary. ” 

Waterston (7) named Golletotrichum gloeosporioides as the probable 
cause of black scale, although apparently he had a doubt regarding the 
identity of the fungus. He stated: “Black scale, ? Golletotrichum gloeo- 
sporioides Penz. has been provisionally named the fungus responsible for 
this condition in the bulb and for a premature die-back of the plant in the 
field.” 

, In a preliminary report (5) the fungus responsible for the disease in 
Louisiana was tentatively identified as Vermicularia. Later, a more critical 
examination showed that the fungus was definitely not & Vermicularia md. 
that it fitted well in the genus Golletotrichum. The fruiting body was found 
to originate beneath the cuticle as a small stroma from which arise the setae 
wffiieh rupture the cuticle. Conidia are produced after the cuticle has been 
ruptured and the acervulus has been formed (Pig. 4). At no time during 
its development has the fruiting body a cover of fungus origin. 

The fungus grows well in culture. The colonies are at first ■white, with 
much aerial growth turning gradually gray and finally nearly black on top 
with a pinkish tinge in the substratum. In old cultures, the aerial mycelium 
becomes suppressed and the surface of the colony may become smooth, black, 
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glistening*, somewhat leathery. Yonng isolates usually produce a great pro- 
fusion of aeervuli on the surface of the agar, with thick, raised masses of 
conidia through which the setae protrude. Macroscopically, the aeervuli at 
this stage resemble pyenidia. After the isolates have been kept in culture 
for some time, they usually lose their ability to form aeervuli, but they still 
continue to produce conidia loosely on the mycelium in abundance. 


Fig. 4. Colletotrichum Ulii, sp. nov. A. Young aeervuli with setae hut no conidia. 
X 200. B. Mature aeervulus. x 200. C. Conidia from a lO^day-old culture. X 400. 

No description of a Colletotrichum on lilies has been found in the litera- 
ture that fits the causal fungus of the black-scale disease. It is possible, of 
course, that this fungus has been described on another host, but in view of 
our present limited knowledge of the pathogenic specificity of many fungi, 
it is considered advisable to describe it as a new species, for which the follow- 
ing name is proposed. 
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TECHNICAL DESCRIPTION 
Colletotriclinin lilii, sp. HOY. 

Acerviili small, mostly gregarious, arising siibeuticularly, on a small stroma, 4ark 
brown, densely setose throughout, 43.0--122 p,, ave. 67,2 setae dark brown, rigid, straight, 
continuous or septate, 29.7-72.6 X 4.0~5.3 p,, average 45.7 x 4.9 p; conidiopliores hyaline, 
subeonical, short, about 10x4.5p; conidia hyaline, falcate, continuous, subacute, usually 
vacuolate, 13.2-23.0 x 3.6— 4.9 p, ave. 18.0x3.7 p. 

Hab. on scales of bulbs of Lilium longifioriim. 

Type locality: Plaquemines Parish, Louisiana. 

Type specimens : Type specimens, consisting of dried scales, dried agar cultures, and 
slides, have been deposited in the herbarium of the Botany Department, Louisiana State 
University (accession No. 4709), and also in the Mycological Collections, Bureau of Plant 
Industry, Washington, D. C. 

ATTEMPTS TO CONTROL THE DISEASE 

A few exploratory tests were made over a 2-year period (1938-1939) in 
an effort to obtain information that might point the way toward effective 
measures of control. These efforts were directed toward 2 separate objec- 
tives, viz: (a) to disinfest the soil in ‘^sick^’ fields so that healthy bulbs 
might safely be planted in it, and (b) to disinfect diseased bulbs so that these 
might be planted in disease-free soil without the danger of spreading the 
infection to new fields. Unfortunately, all the experiments gave negative 
results. Some of the treatments were merely ineffective against the disease, 
but without any harmful effects on the bulbs, while others, in addition to 
being ineffective, caused varying degrees of injury to the bulbs. The various 
treatments tried are listed and discussed briefly, even though the results were 
negative, in the hope that they may serve as a guide in future work on 
control of this serious disease. 

Soil Treatments 

The soil treatments were made in 1938 under field conditions in Booth- 
ville, Louisiana. These included, (1) ehloropicrin at the rate of 2 cc. and 
3 cc. per sq. ft. of soil, (2) sulphur (^‘Toro’’ brand) at the rates of 700 
and 1000 lb. per acre, (3) basic copper sulphate (‘‘Copper Spray 34”) at 
the rate of 1.75 lb. per 25-foot row, and (4) calcium hypochlorite at the rate - 
of 1 lb. per 25-foot row. The sulphur was broadcast and mixed with the 
soil before the ridges (rows) were made up. The basic copper sulphate and 
the calcium hypochlorite were applied as narrow bands in the rows and 
mixed thoroughly with the soil Just before planting. All treatments were 
replicated 3 times in 3 different fields. The soil of fields I and II was of the 
same type, known locally as “coffee grounds” soil. It was reclaimed land, 
composed of heavy alluvial soil containing considerable peat-like, imperfectly 
decomposed vegetable matter. Both fields had a similar history in that both 
had been planted with lilies the previous year and in both fields practically 
100 per cent of the bulbs harvested were diseased. The soil of field III was 
of the best in that area. It was black, heavy, alluvial with its organic matter 
well decomposed. This field also was planted with lilies the previous year, 
and about 50 per cent of the bulbs harvested were diseased, according to the 
owner. Healthy bulbs were planted in all plots 
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Besitlis. All treatments proved ineffective. It is true that in one field 
all treatments gave significantly higher percentages of marketable bulbs 
(healthy and slightly diseased) but these differences were not maintained in 
the other replications. The sulphur and chloropicrin had no effect, harmful 
or beneficial, on the bulbs. The basic copper sulphate and the calcium 
hypochlorite, on the other hand, at the rates used, proved somewhat toxic. 
This toxicity was manifested as delayed emergence, poorer stands, and 
weaker growth of the plants compared with those of the check and other 
plots. 

The conditions of the experiments Avere definitely inimical for a fair test 
of the efficacy of chloropicrin. The soil in the test plots was very heavy, 
and, in spite of repeated discing and harrowing, large clods were left on the 
surface that could not be reached by the fumes. No cover was used, and no 
facilities Avere available for sprinkling the surface with water to form a seal. 
Under more faA^orable conditions, it is possible that chloropicrin might prove 
effective, for this chemical has been found by many investigators to be a 
potent soil disinf estant. 


TABLE 5. — Comparison of the corresponding check plots of fields 1 (diseased scales 
not removed from the soil) and II (diseased scales removed) 


Field 

Healthy 

bulbs 

Lightly 

diseased 

bulbs 

Severely 

diseased 

bulbs 

Marketable 
(healthy plus 
lightly dis“ 
eased bulbs) 


Fer cent 

Fer cent 

Per cent 

Per cent 

I 

16.3 

24.0 

59.7 

40.2 

II 

26.4 

44.2 

29.4 

70.6 


A iioteAvorthy result of this experiment was the difference in the amount 
of disease between corresponding plots of like treatments in fields I and II. 
These tAvo fields, located about one-half mile apart, were as nearly alike as 
possible. They were of the same type of soil, both were planted to lilies the 
previous year, and in both approximately 100 per cent of the bulbs harvested 
in 1938 were diseased. There was, however, this one important difference : 
In field II, an effort was made to remove from the soil as many as possible 
of the loose scales, and fragments of scales, that were left from the previous 
harvest ; in field I, no such effort was made, and the soil was thoroughly con- 
taminated Avith diseased scales. A comparison of the amount of disease in 
the check plots of fields I and II is shown in table 5. It may be seen that 
a significantly lower percentage of severely diseased bulbs was obtained from 
field II than from field I. Differences of about the same magnitude were 
obtained by comparing other corresponding plots of the two fields. It is 
believed that less disease occurred in field II simply because most of the 
infected scales had been removed from the soil, thus lessening the amount 
of inoculum. If this assumption be correct, then it would seem that cultural 
practices combining sanitation and rotation would offer a practical AAmy of 
reducing, if not completely controlling, the disease. 
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Bulb Treatments 

Since infection is relatively shallow, i.e.^ the fungus does not penetrate 
deeply into the tissue, theoretically, it might be possible to find some fungi- 
cide that would kill the fungus without causing much injury to the bulb. 
Actually, as brought out by the results of a limited number of trials with 
various chemicals and combination of chemicals, this does not appear to be 
so easy. In no case was control obtained, and, in addition, the treatments 
showed varying degrees of injury to the bulbs. It is admitted, of course, 
that only a limited number of treatments have been tried, and that neither 
the list of fungicides, nor the dosages and exposures have been exhausted. 
It is still possible that an effective treatment may be found, but the results 
thus far obtained indicate that this line of attack is not particularly 
promising. 

Typically diseased bulbs were secured. The outer, shrivelled scales were 
removed leaving only the inner live scales, which, however, still contained 
lesions of various sizes. The bulbs were treated and planted in duplicate 
sets in sterilized and nonsterilized soil in pots in the greenhouse. Eecords 
were kept on the effect of the treatment on germination and subsequent 
growth. Then, in late summer, the bulbs 'were dug and examined for pres- 
ence or absence of disease. These tests 'were made in 1938 and 1939, as 
follows : 

A. Borax dip, 7.5% solution, 6 minutes at 40° C. 

B. Mercuric chloride 1-1000 in 50% alcohol + 1% acetic acid, 3 minutes. 

C . Same as B but dipped for 6 minutes. 

D. Alcohol (70%) 1 liter; acetic acid 15 cc., mercuric chloride 2 g. 
Dipped for 10 minutes. 

E. Acetic acid 3%, brilliant green 1-20,000, in 50% alcohol, 15 minutes. 

P. Bulbs dusted with basic copper sulphate (34% Cu), excess dust 

screened off. 

Gr. Basie copper sulphate (34% Cu) mixed with the soil at the rate of 
150 g. per 50 lb. of soil. 

H. Same as in Gr, but at the rate of 200 g. per 50 lb. of soil. 

I. Calcium hypochlorite mixed with the soil at the rate of 200 g. per 
50 lb. of soil immediately before planting. 

Results. None of the treatments gave any control. The bulbs harvested 
from all treatments were as severely diseased as those of the cheeks. In 
addition, the following toxic effects were noted : 

1. Borax. Tip-burn and chlorosis of the lower leaves of the plants after 
emergence ; otherwise growth was normal. 

2. The alcohol-acetic acid-mercuric chloride dip for 3 minutes (B) caused 
no apparent injury. 

3. All the rest of the treatments caused injury, manifest in failure of 
some of the bulbs to emerge and in delayed emergence and weaker, poorer 
growth of the plants in comparison with those of the checks. 
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In connection witk another disease (mosaic), lily bulbs were treated with 
hot water, 52° C. for 30 minutes. The bulbs of this lot were not affected 
with black scale, so no information was obtained on the effect of hot- water 
treatment on this disease. However, the SO-minute bath at 52° C. was defi- 
nitely injurious to the bulbs. Some did not grow at all, while others made 
a decidedly poorer growth than the checks. It is likely, however, that a 
favorable combination of temperature and period of exposure may be found 
that will be effective in disinfecting the bulbs without appreciable injury. 

SUMMARY 

A serious disease of Easter lily, which causes dark-browm to black lesions 
on the scales of the bulbs in the ground, is described under the name of 
^ ^ Black Scale. 

Pathogenicity studies have shown that the cause of the disease is a fungus 
that fits well in the genus Collet otriclium. It is considered to be an unde- 
scribed species, and is described as one new to science under the name of 
C. lilii sp. nov. 

A limited number of experiments consisting of chemical treatments of 
the diseased bulbs or of infested soil, have been tried. All gave negative 
results. 

Division op Plant Pathology, 

Louisiana Agricultural Experiment Station, 

Baton Rouge, Louisiana. 
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STRIPE REACTION OP SPRING BARLEY VARIETIES'* " 

H. L. Shands and D. C. Arny 
(Accepted for publication January 11, 1944) 

Tlie stripe disease of barley, caused by Helminthosporium gramineim 
Rabb., has been under observation by workers in the United States and 
foreign conntries for a period of years. When Oderbrneker varieties of 
barley were grown widely in Wisconsin, stripe often caused yield losses; 
but with wide-spread usage of Wisconsin Barbless the disease has been less 
prevalent. Even though stripe has not caused serious yield reductions in 
recent years, the disease has been given consideration in the general barley- 
breeding program at the Wisconsin Agricultural Experiment Station. 
Emphasis has been placed on finding varieties with good agronomic type 
as well as resistance to stripe and other diseases. Such varieties, used as 
parental stocks, would likely reduce the breeding problems. New varieties 
should carry a practical type of resistance, so as to prevent natural stripe 
epidemics. 

EARLIER WORK 

Earlier work concerning barley varietal reaction to stripe was carried 
out by Christensen and Graham (2), DeHaan (3), Fuchs (4), Genau (5), 
Isenbeck (6), Johnson (7), Majdrakoff (8), Shands (9), Shands et al. (11), 
Stelzner (12), Winklemann (14), and Yu and Hwang (15). The methods of 
testing varied considerably both in technique and in effectiveness. Shands 
(9) gave a brief review of the methods of inoculation used. Yu and Hwang 
(15), used floral inoculation, while the others used the mycelium method for 
seedling inoculation, except for Stelzner (12) who used a conidial suspension 
and a partial evacuation method for inoculation of the seed. 

In Germany, Isenbeck (6) tested a number of spring and winter barley 
varieties, using both the floral inoculation and inoculation of germinating 
kernels. Some of his infections were quite high, but results for individual 
varieties were not given. Yu and Hwang (15), working in China, have 
reported detailed readings on the stripe reaction of a large number of varie- 
ties. Using conidial inoculation of the flowers between the milky and green- 
mature stages, their infections averaged 5.4 per cent for the 190 varieties. 
Their highest 3-year average infection was 51 per cent for Kumflide (C.I. 
730). Their local susceptible variety averaged 37.5 per cent for the 3 years. 
Because a large proportion of the varieties had very low percentages of 
striped plants, and also because of specialization in Helminthosporkm 
gramineum, it is doubtful whether their results could be safely applied 
under North American conditions. Had flowers been inoculated eaidier 

1 These studies were supported m part by funds provided by the Wisconsin Alumni 
Research Foundation. 

2 Published with the approval of the Director of the Wisconsin Agricultural Experi- 
ment Station. 
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more infection niiglit have resulted. Christensen and Graham (2) tested a 
smaller number of varieties and obtained rather high percentages of infec- 
tion, especially with cultural races 33, 34, and 42. Svansota, Manchuria, 
Velvet, Peatland, and Alpha were relatively susceptible: while Kama-ore 
(C.I. 694), Trebi (C.I. 936), and the Black Hulless selection were resistant. 
Stelzner (12), using the eonidial-suspeiision and partial-vacuum techniques 
of Fuchs (4) and Majdrakoff (8), found some varieties more resistant than 
others, but his infection percentages were lower than those of several previ- 
ous workers. Suneson and Santoni (13) for ally inoculated a susceptible 
male-sterile stock that had been previously pollinated with pollen from cer- 
tain varieties under observation. In this way they compared varieties on 
the basis of Fi-progeny responses. 

Isenbeck (6) tested the reaction of several barley varieties to different 
collections of the stripe fungus as did Christensen and Graham (2). In 
these papers it was shown that certain cultures of Helminthosporium gra- 
mineum are selectively pathogenic and that certain varieties are generally 
more resistant than others, if. grammeum is not so highly specialized as 
the rusts and smuts, but this specialization should not be overlooked in test- 
ing for varietal reaction. However, for practical purposes a few well- 
selected, highly pathogenic cultures could be used to get a fairly reliable 
estimate of the reaction of a variety. 

METHODS AND MATERIALS 
Inoculation 

The method of inoculation for varietal tests reported in this paper has 
been briefly described by Arny and Shands (1). This method is concerned 
with mycelial inoculation of germinating kernels, and is as follows: After 
adding sterile water, fine aggregations of mycelium of Helminthosporium 
gramineum are scraped from a 7-day-old slant culture. Two cc. of this sus- 
pension are added to each 125-mL Erlenmeyer flask previously prepared by 
mixing 15 g. of wheat and 15 cc. of water and autoclaving 45 minutes. 
When fungus growth on wheat is 5 days old, 100 kernels of the barley 
variety or selection being tested are surface-treated with 70 per cent alcohol, 
rinsed in water, and placed in the flask. The contents of the flask are shaken 
immediately to mix kernels with inoculum and incubated 4 days at room 
temperature (20-24'^ C.). Flasks are shaken daily to prevent matting and 
clumping caused by mycelium and root growth. The number of kernels per 
test can be varied, although 100 were used for the most part in the varietal 
tests, and incubation temperature can be lowered if a longer time is used. 
The entire contents of the flasks are planted in the soil. With this method 
about 50 per cent of the kernels produce plants in the field, while about 80 
per cent produce plants in the greenhouse. In susceptible varieties about 
75 per cent stripe infection develops in 6 or 7 weeks time, some infection 
showing as early as 2 weeks after seeding. 


574 


Phytopathology 


[VoL. 34 


Varieties Tested 

A large number of the varieties tested came from the C.I. collection.^ 
The seed was originally supplied by R. G. Shands. Previous to the stripe 
test most of the varieties used had been found resistant in inoculation trials 
with the 2 sporidium-forming smuts. Also tested for stripe response were 
selections from the barley-breeding program in progress at the Wisconsin 
Agricultural Experiment Station. A large number of these hybrid selec- 
tions do not carry high resistance to the smuts of barley. For the most part 
selection numbers preceded by /‘H’’ were from R. G. Shands. 

Cultures Used 

The cultures of Kelminthosporinm grmnimiim were of hyphal-tip origin 
and date to 1932, 1933, and about 1934 for C~l, 17-1, and 45-2, respectively. 
These cultures appeared to be stable and pathogenic on a large number of 
varieties. Culture 17-1 was from a conidium produced on a striped Oder- 
brucker plant in a row that had been inoculated with culture C-1. Atlas 
(C.I. 4118) is a variety known to have stripe-infected plants under field con- 
ditions in California, and, yet, had no striped plants in 4 artificial inocula- 
tion tests reported in this paper. This suggests that some of the varieties, 
appearing highly resistant under the set of conditions used, may be suscepti- 
ble in other areas where different conditions of infection might exist. Before 
assuming a varietal response an investigator should artificially inoculate the 
varieties in which he is interested, using local cultures and environment. 
Even though specialization is known to exist, the varietal responses reported 
herein are thought to be fairly reliable under a wide range of conditions. 

RESULTS 

Tests have been carried out mostly in the field from 1935 to 1942, 
although a few were made in the greenhouse. The results of 1936, 1937, 
and 1939 had lower infection, thereby being less reliable; and because of 
this only a small part of the data was included. Tests with less than 10 
plants were omitted. If more than 50 per cent stripe was found, the variety 
may not have been tested further ; when less than 50 per cent was observed, 
the variety was tested one or more additional times. In general each variety 
was tested with at least 2 cultures in any one year. 

The results of the several years ^ tests are combined in tables 1 and 2. 
Where possible, the C.I. number and the name of each variety are given with 
the number of tests, the total number of plants observed, low and high per 
cent infected plants, and the average per cent of infected plants on a 
weighted basis. The weighted average is determined by use of the total 
plants in all tests of an individual variety. All of the varieties used in the 
test are of the spring type, although some are late in heading. Most of the 
varieties are 6-rowed, rough-awned, with white adhering hulls, and white or 

3^ 'world eollection of barley varieties maintained by the Division of Cereal Crops 
and Diseases, U. 8, Dept, Agriculture. 
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TABLE 1 . — Stripe reaction of 'barley varieties when artificially inoculated 


Name and deseriptiona 


Stripe infected plants 


Maneliuria 

Coast 

Hannelien 

Nepal 

Poda 

Chile Common 

Abyssinian 

Korsbyg 

White G-atami 

Lion (Leiorrhynehum) 

Odessa 

Trebi 

Oderbrucker 

Jet 

Daniels 

Luth 

Scarab 

Iris 

Ederle 

Kwan 

Monte Cristo 
Weider 
Czech 
Quinn 

Black Hulless 

Coventry 

Barquis 

Nani Tal 

Crypt 

Crocket 

Chalet 

Chevron 

Peatherston 

Oderbrucker 

Abyssinian 

Abyssinian 

Excelsior 

Bolivia 

Fleche 

Kitchin 

Lompoc 

Knsan 

Childs 

Pannier 

Jusborne 


D, P 4 
7 


a All are white or blue, 6 -rowed, rough-awned, and have adhering lemma and palea, 
except where other characteristics are indicated according to the following key : 

2 = 2 -rowed S = smooth awned 

I ~ intermedium SS = semi-smooth awned 

D = defieiens Bk = black 

N = naked kernels P = purple 

A = Abyssinian intermediate H = hooded 

Bk and P refer to black or purple color in lemma and palea of threshed grain of hulled 
barleys and to the color of the caryopsis in naked barley. 
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TABLE 1.— (Continued) 


C.I. 

No. . 



Total - 

Stripe inf ected plants 

Name and descrip tiona 

Tests 

plants 

Low 

idigh 

W eighted 





average 



Fo. 

No. 

Per 

cent 

Per 

cent 

Per 

cent 

1370 

Spain P, N 

2 

31 

15 

28 

23 

1387 

Cape (Transvaal Early) 

4 

238 

1 

15 

5 

1409 

MePadden S 

1 

43 



98 

1413 

Gatami Bk 

4 

178 

0 

0 

0 

1417 

Squarehead 

1 

42 



98 

1435 

Manchuria 

1 

46 



85 

1466 

Kutan 2 

2 

58 

0 

8 

4 

1468 

Burat 

2 

66 

24 

50 

35 

1470 

O.A.C. 21 

5 

243 

68 

98 

83 

1473 

Manchuria 

2 

78 

44 

82 

58 

1511 

Golden Queen 

2 

59 

50 

95 

80 

1517 

Oderhrucker 

2 

68 

73 

91 

79 

1529 

do. (Wis. Fed. 6) 

2 

161 

53 

83 

67 

1551 

Albert 

1 

47 



96 

1557 

Claude 

2 

69 

65 

79 

71 

1577 

Aker 

2 

62 

55 

68 

60 

1603 

Ireland A 

2 

31 

20 

64 

36 

1613 

Cross 

3 

108 

0 

9 

2 

1614 

Fleche 

3 

143 

15 

52 

36 

1615 

Ishtar 

2 

90 

0 

0 

0 

,1621 

Mars 

2 

96 

21 

53 

37 

1622 

Osiris 

2 

105 

13 

32 

23 

1692 

Mokar 

9 

469 

29 

84 

69 

1698 

Beed Triumph 

3 

206 

68 

94 

76 

1969 

Chinese Black Bk 

4 

181 

0 

0 

0 

2040 

Canada Winter 

3 

69 

0 

0 

0 

2080 

White Smyrna 2 

3 

70 

0 

17 

7 

2135 

Golden Drop 2 

2 

128 

20 

33 

26 

2201 

Eagle 

2 

52 

67 

100 1 

75 

2203 

Boehme^s Beardless H 

1 

30 



67 

2208 

Ethiops Bk, H, N 

1 

12 


0 

92 

2213 

Nudi haxtoni I, N 

2 

64 

0 

0 

2214 

Nudi mortoni I, Bk, N 

' . 2 ■ 

33 

12 

87 

52 

2215 

Cornutum I, H, N 

2 

79 

0 

0 

0 

2226 

Steudelii D, Bk 

3 

123 

10 

37 

25 

2242 

Purple Nepal P, H, N 

2 

36 

0 

39 

20 

2244 

Surprise 

2 

66 

48 

100 

64 

2253 

Kamet Mugi N 

2 ' 

54 

0 

0 

0 

2254 

Huwan I 

4 

129 

0 

12 

3 

2259 

Manchuria 

2 

69 

67 

92 

76 

2261 

Pusa N 

2 

33 

0 

0 

0 

2276 

Gatami Bk 

4 

151 

0 

2 

1 

2277 

Black Hulless P, N 

2 

66 

29 

29 

29 

2280 

Arlington Awnless I 

6 

206 

0 

3 

1 

2282 

Pannier 

2 

33 

53 

83 

69 

2284 

Black Abyssinian A, Bk 

3 

122 

0 

7 

, 2 ■ ' 

2286 

Nudi haxtoni I, N 

2 

76 

0 

0 

0 

2292 

Intermediate I 

■ ■ 2 

60 

45 

59 

50 

2318 

Kharsila N 

2' 

41 

4 

13 

7 

2319 

India N 

2 

46 

0 

0 

0 

2330 

Manchuria (Minn. 184) 

3 

101 

66 

100 

78 

2338 

Nigrum Bk 

2 ■ 

77 

0 

3 

I 

2352 

Nudi haxtoni I, N 

2 

80 

0 

0 

0 

2368 

Prozoft 

1 

24 



79 

2371 


2 

61 

79 

100 

85 
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TABLE 1,— (Continued) 


C.I. 

No. 

Name and descrip tiona 

Tests 

Total 

plants 

Stripe infected plants 

Low 

High 

Weighted 

average 




No. 

No. 

Per 

Per 

Per 






cent 

cent 

cent 

2381 


A 

2 

74 

8 

17 

12 

2382 


A 

2 

55 

0 

17 

11 

2421 



2 

73 

72 

96 

81 

2432 

Rakoff 


2 

72 

8 

19 

14 

2433 

Duplex 


3 

124 

25 

58 

43 

2437 

Newbly 

2 

2 

99 

0 

2 

1 

2448 

Himalaya 

N 

2 

65 

23 

43 

34 

2454 

Began 


2 

58 

0 

7 

4 

2467 

Sampan 


4 

202 

"2 

13 

5 

2481 

Hanful 


2 

60 

25 

58 

38 

2483 

Modia 


2 

65 

0 

0 

0 

2492 

Gross 


4 

235 

0 

3 

1 

2494 

Manchuria 


■ 2 . 

59 

73 

91 

79 

2500 

Verigat 

Bk,H 

2 ■ 

37 

33 

70 

43 

2505 

Englawnless 

2 

2 

30 

0 

20 

7 , 

2509 

Englawnless 

2 

2 

51 

0 

9 

2 

2511 

Plumage 

2 

■ 2 

96 

23 

36 

29 

2514 

Abyssinian Intermediate 

A 

: 2 ■ 

31 

16 

50 

29 

2519 



2 

99 

0 

0 

0 

2524 



3 

141 

0 

4 

3 

2542 



3 

146 

. 2 . 

3 

3 

2543 



2 

101 

0 

i 2 

1 

2553 

Cap Bouge 


2 

53 

77 

90 

86 

2561 


S 

2 

86 

38 

54 

47 

2570 


s 

2 

67 

24 

40 

31 

2572 


s 

2 

83 

64 

64 

64 

2573 


s 

2 

98 

0 

2 

1 

2577 


s 

■ 2 

92 

7 

8 

8 

2589 


s 

2 

93 

12 

14 

13 

2591 


s 

2 

80 

15 

38 

27 

2606 


ss 

■ 2 

63 

0 

0 

0 

2607 


I 

2 

47 

46 

52 

49 

2608 

Odessa 


2 

105 

6 

33 

20 

2610 

Manchuria 


2 

104 

26 

52 

40 

2618 

do. 


■ 2 

105 

60 

70 

64 

2621 

Eeatherston 


2 

96 

75 

82 

79 

2628 

Chicago 


2 

82 

71 

79 

74 

2632 



2 ■ 

96 

70 

95 

80 

2750 

Canadian Lake Shore 


■ 2 

95 

44 

57 

50 

2947 

Manchuria (N.D. 2121) 


7 

377 

69 

93 

86 

2982 

South Russian 


2 

125 

29 

68 

47 

3124-1 


D 

1 

16 



63 

3187 

Regressive 2 


2 

75 

26 

41 

32 

3196 

Ehrhardt Erederiksens 


2 

36 

58 

75 

64 

3206-1 



2 

59 

6 

26 

15 

3206-3 



^ 2 

79 

46 

63 

56 

3208-4 



4 

104 

43 

93 

71 

3210-2 



6 

145 

33 

73 

54 

3211-2 



1 

17 



53 

3230 


N 

2' 

62 

0 

13 

7 

3245 



. 2 . 

100 

30 

43 

36 

3393-2 

Boiif arik 


2 

145 

7 

7 

7 

3402 

Gujarkhan 


4 

91 

0 

6 

2 

3403 

Lyallpur E 


3 

69 

0 

24 

13 

3404 

Ludhiana 


4 

142 

13 

39 

27 
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TABLE 1. — (Continued) 


C.I. 

No. 





Stripe infected plants 

Name and descriptiona 


Tests 

plants 

Low 

High 

Weighted 







average 




No. 

No. 

Per 

cent 

Per 

cent 

Per 

cent 

3408 

Delhi 


2 

70 

33 

38 

35 

3410 



5 

222 

0 

11 

5 

3443 

India G-uzerat 


5 

225 

6 

34 

19 

3485 


2 

2 

35 

0 

0 

0 

3508 



2 

42 

13 

21 

17 

3509 


N 

2 

38 

26 

67 

42 

3510 


N 

2 

46 

41 

65 

50 

3530-1 



2 

74 

0 

4 

1 

3552 



4 

183 

0 

15 

8 

3553 



4 

99 

9 

44 

26 

3554 



4 

240 

6 

60 

19 

3555 



2 

76 

2 

28 

13 

3557 



2 

59 

41 

85 

56 

3558 



4 

191 

12 

41 

19 

3559 



4 

192 

0 

0 

0 

3560 



2 

59 

52 

78 

66 

3562 



2 

61 

23 

37 

31 

3570 



2 

71 

2 

8 

4 

3573 


2 

3 

91 

0 

7 

3 

3581 



2 

80 

24 

60 

38 

3582 



4 

161 

12 

78 

43 

3587 



2 

69 

14 

44 

28 

3588 



2 

72 

3 

6 

4 

3614 


2,SS 

3 

106 

0 

5 

1 

3617 


2 

75 

21 

25 

22 

3623 


2 

3 

74 

11 

50 

27 

3634 



4 

151 

0 

4 

1 

3635 



2 

81 

0 

0 

0 

3650 



2 

80 

11 

15 

13 

3657 



2 

80 

5 

8 

7 

3659 



2 

93 

0 

2 

1 

3668 


2 

3 

102 

0 

14 

4 

3683 



2 

72 

17 

39 

25 

3694 


2 

3 

105 

0 

0 

0 

3704 


2 

3 

112 

5 

46 

29 

3721 



2 

66 

22 

62 

43 

3724 



2 

90 

0 

3 

1 

3728 



4 

199 

0 

15 

9 

3745 



4 

167 

2 

21 

8 

3746 



2 

94 

11 

26 

17 

3776 



4 

129 

32 

72 

45 

3778 



3 

118 

17 

45 

25 

3780 



2 

64 

0 

27 

9 

3792 



2 

93 

14 

86 

47 

3794 



2 

81 

5 

26 

15 

3797 



2 

72 

2 

4 

3 

3808 



4 

201 

5 

17 

11 

3810 



4 

182 

2 

40 

14 

3816 



4 

149 

■ ' ^ 7 

23 

14 

3895-1 

Revil 


4 

176 

0 

0 

0 

3896-1 



4 

167 

0 

11 

5 

3897-2 



4 

153 

0 

3 

1 

3902-1 

Morocco 


5 

220 

0 

3 

1 

3903 



. ,'5. 

231 

0 

50 

21 

3971-1 



2 

56 

0 

1 12 

5 
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TABLE 1. — {Continued) 


C.I. 

No. 

Name and descriptiona 

Tests 


Stripe infected plants 

plants 

Low 

High 

Weighted 

average 





Per 

Per 

Per 





cent 

cent 

cent 

4041-2 


2 

75 

3 

14 

9 

4118 

Atlas 

4 

92 

0 

0 

0 

4184 


2 

33 

0 

0 

0 

4200-1 


2 

60 

6 

0 

0 

4252 

Velvet S 

8 

419 

28 

73 

45 ■ 

4289 

July 

5 

111 

3 

53 

43 

4425-1 


2 

98 

75 

83 

80 

4428-1 


2 

108 

56 

93 

76 

4500-1 


2 

94 

95 

96 

96 

4502-2 


2 

105 

53 

96 

72 : 

4559’ 


2 

68 

3 

3 

19 

4559-1 


4 

215 

26 

38 

59 

4561 


4 

238 

9 

50 

27 

4576-1 


2 

112 

87 

94 

90 

4577 

Glabron S 

4 

235 

16 

44 

30 

4577-1 

S 

2 

137 

15 

25 

20 

4585 

Vance 2, S 

2 

120 

0 

0 

0 

4622 


4 

236 

0 

2 

1 

4623 


4 

191 

0 

0 

0 

4637 


2 

138 

36 

39 

37 

4666 

Odexbrucker (Wis. Bed. 5-1) 

91 

4217 

61 

93 

75 

4687 

Ben Beardless H 

2 

127 

46 

47 

46 

4726 


1 

17 



65 

4801 ' 

2 

2 

129 

5 

15 

10 

4821 

Dor sett Bk 

6 

358 

0 

2 

1 

4822 

B, N 

' 2 

109 

22 

44 

33 

4823 

Bk 

6 

337 

0 

'2 

1 

4827 


2 

148 

35 ■ I 

37 

36 

4893 


2 

86 

47 ^ 

85 

65 

4924 


3 

142 

, 2 

5 ' 

3 

4951 


2 

85 

25 

43 

32 

5027 

Spartan 2, S 

3 

182 

0 

0 

0 

5028 

Wis. Bed. 37 S 

2 

27 

13 

25 

18 

5030 

Eegal 

4 

196 

10 

32 

14 

5072 

Mensury 

2 

57 

37 

96 

60 

5105 

Wisconsin Barbless (Bed. 38) S 

11 

737 

0 

25. 

14 

5220 

Harumaki 

2 

91 

5 

67 

40 

5221 

Makisbu 

2 

93 

0 

8 

5 

5267 

Beatland 

9 

459 

24 

59 

38 

5272 

Comp. Cross Sel. 

2 

126 

2 

9 

6 

5274 

Comp. Cross Sel. 

2 

76 

25 

44 

32 

5346 

do. 

6 

256 

10 

65 

34 

5409 

do. 2 

2 

84 

18 

18 

18 

5419 

do. B 

2 

42 

5 

25 

15 

5459 

do. B 

'2 

107 

19 

21 

20 

5673 

Dryland B 

1 

39 



62 

5757 


2 

91 

2 

4 

3 

5788 


1 

29 



69 

5817 

■ ■ B 

1 

18 



72 

5827 

■B' 

.,2 

46 

30 

47 

37 

5899 

Murasaki Moclii B, N 

2 

79 

0 

0 

0 

5979 

Oolsess IV H 

9 

180 

27 

86 

68 

6001 

S.D. 1340 8 

2 

51 

29 

33 

31 

6036 

Bliter 8 

2 

70 

35 

50 

44 

6051 

Missouri Early Beardless H 

'■ 2 ,;. 

57 

13 

96 

68 
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TABLE 1. — (Continued) 


Name and deseriptiona 


Sanalta 

Newal 

Brandon 1099 
Velvon 
Stewart 
logics 

om 

Cebada 97A 

Manchurian (Wis. 122-3) 
Tystofte Kors 
Persieum 064 (K) 

Viner 1163 
Abed Jnli 
Solenbyg 

Br achy tie (Minn. 78-4) 


Kindred 

Warrior 

Minn. 11-31-19 

Minn. 11-31-45 

Plush 

Titan 

X191-2-1-2 

CP170 

CP127422 

Garton ^s 3 

HB346 

Michigan 110 

Trebi sel. (many leaves) 

Olli X Asplund 

S.S. 1446-4 

Tammisto 0432 

WxWx 

Wxwx 

WXWX (waxy) 

Georgine Pedigree 
Belgian 


la 

Tests 


Stripe infected plants 

plants 

Low 

High 

Weighted 

average 


' No, 

No. 

Per 

cent 

Per 

cent 

Per 

cent 

2, SS 

2 

64 

93 

94 

94 

S 

7- 

354 

5 

30 

18 

S 

4 

214 

17 

50 

36 

s 

3 

164 

11 

24 

16 


2 

84 

0 

0 

0 

s 

4 

235 

17 

77 

40 


7 

199 

21 

42 

37., 


2 

90 

4 

7 

5 , 


4 

283 

48 

79 

68 


4 

169 

0 

7 

3 

2, Bk, S 

3 

182 

0 

0 

0 

2 

2 

131 

8 

19 

14 


2 

63 

6 

36 

27 


1 

16 



63 

N 

2 

93 

0 

2 

1 


2 

74 

86 

87 

87 


2 

53 

79 

88 

83 

H 

4 

175 

0 

8 

4 

S 

2 

78 

27 

33 

30 

s 

2 

68 

11 

18 

15 

s 

5 

216 

23 

95 

51 

^ 2 ' 

2 

110 

8 

13 

10 

s 

6 

646 

13 ! 

37 

17 

2 

2 

143 

6 

8 

7 

2 

4 

223 

0 

6 

1 


2 

142 

76 

85 

81 


6 

350 

13 

42 

31 

2,S 

2 

94 

0 

0 

0 


2 

101 

■ 12 

32 

21 


2 

76 

13 

25 

20 


2 

54 

11 

22 

17 


2 

49 

25 

46 

41 


3 

137 

65 

88 

75 


3 

120 

70 

92 

85 


5 

209 

79 

98 

87 

2 

2 

75 

16 

42 

25 

2 

2 

55 

13 

17 

15 


blue aleurone. Exceptions to these characteristics are indicated in the 
■column containing the name of the varieties. 


DISCUSSION OP RESULTS 

An examination of the results in tables 1 and 2 shows that the tests were 
-severe insomuch as a large proportion of varieties have more than 65 per 
cent stripe. Another measure of the severity of inoculation conditions was 
shown by the 75 per cent infection of Oderbrucker (C.I. 4666, Wisconsin 
Pedigree 5-1) which was used as an inoculated check included 91 times in 
the series of tests. Most of the varieties were given 2 inoculation tests, 
while some susceptible varieties were given only 1 test, and still others were 
given as many as 11 tests. The columns carrying the low and high inf ec- 
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TABLE 2. — Stripe reaction of "barley hybrid selections when artificially inoculated 


Hybrid selectiona 

Tests 

Total 

Stripe infected plants 

plants 

Low 

High 

Weighted 

average 


Vo. 

No, 

Per cent 

Fer cent 

Fer cent 

X120-5-26-12-2 

7 

324 

4 

67 

23 

X152-14-2 

5 

129 

0 

56 

14 

X154-2-79 

3 

168 

13 

14 

14 

-14-75 

3 

114 

8 

35 

25 

X156-8-4-4-3-4-1-2 

4 

193 

42 

62 

55 

X173-5-4-1 

4 

212 

39 

78 

51 

-7-1-6 

4 

170 

36 

69 

51 

-10-5-6-1 

4 

191 

52 

86 

75 ■ 

X174-10-2-a 

3 

122 

11 

58 

35 

X181~l-2-l 

3 

119 

3 

13 

6 

X181-2-1-2 

3 

131 

2 

13 

6 

X182-2-1 

4 

132 

0 

25 

17 

-8-1-2 

3 

119 

29 

39 

33 

-8-2-8 

3 

90 

40 

70 

56 

-8-3-3 

3 

152 

16 

49 

46 

X182-8-3-4-1 

3 

71 

17 

60 

45 

-8-3-7 

4 • 

121 

39 

74 

58 

-10-4-4-1 

3 

76 

3 

27 

12 

-16-4 

2 

84 

0 

32 

20 

-21-2-6-1 

4 

135 

10 

30 

21 

X182-28-2 

3 

128 

31 

43 

39 

-43-1 

3 

74 

0 

40 

18 

-79-1-1 

4 

159 

5 

25 

14 

-145-2 

5 

176 

11 

33 

22 

-175-1 

3 

133 

44 

69 

55 


a Parentage of hybrid selections are as follows: 

X39 — Oderbrucker (Wis. Ped. 5) x Lion (Wis. 117) 

X60 — ^Lion x Oderbrucker 

X102 — Oderbrucker (Wis. Ped. 6, C.I. 1529) x X60-1 
X105— do. X X39-3-9 

X120 — X39-6~2-6 X Oderbrucker (Wis. Ped. 6) 

X152— X102-2-3-2 X Korsbyg (Wis. 97-3, C.I. 918) 

X154— -Oderbrucker (Wis. Ped. 5-1, C.I. 4666) xKorsbyg (Wis. 97-3) 
X156— X105-2-7-1 X July (Wis. 106, C.I. 4289) 

X168 — ^X39-5-8-4-l x Oderbrucker (Wis. Ped. 6) 

XI 73 — X39-9-3-6-8 x Oderbrucker (Wis. Ped. 5-1) 

X174— ■X39-9-3-6-1 X do. 

X181 — Wis. Barbless (C.I. 5105) X Korsbyg 
X182— do. xOm (C.L 6251) 

X183— do. xC.L 4561 

X184 — do. xPeatland (C.I. 5267) 

X191 — do. xNewal (C.I. 6088) 

X202 — Xewal X Oderbrucker (Wis. Ped. 5-1) 

X212— Chevron (C.I. 1111) x X168-5-1 
H4— Wis- Barbless x Chevron 
H18—X152-14-1 X Chevron 
H23 — ^(Wis. Barbless X Chevron) xWis. Barbless 
H25--(Wis. Barbless X Cross, C.I. 2492) x Wis. Barbless 
H27— (Velvet, C.I. 4252 x Korsbyg) x Velvet 
H35—(X152-14-1 X Chevron) x X152~14-l 
1141— Oderbrucker (Wis. Ped. 5-1) X Chevron 
H42— Bolivia (0.1. 1257) X Chevron 
H47— Chevron xTrebi (C.L 936) 

H80—Chevi*on X Hillsa (C.I. 1604) 
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TABLE 2 — (Contimied) 




Total 

plants 

Stripe infected plants 

Hybrid selection 

Tests 

Low 

Higb 

Weighted 

average 


No. 

No. 

Per cent 

Per cent 

Per cent 

X182-1 75-2-1 

4 

116 

4 

52 

20 

-202-2 

4 

136 

4 

23 

12 

-243-1 

4 

141 

0 

3 

1 

X183-1 

3 

103 

5 

34 

29 

-5 

4 

172 

5 

26 

13 

X184-4-4 

3 

138 

21 

37 

34 

-5 

4 

135 

6 

20 

12 

-11 : 

2 

92 

6 

9 

8 

-11-15-1 

4 

168 

6 

29 

12 

X191-2-2-3 

5 

208 

6 

37 

19 

X191-2-3 

2 

108 

5 

6 

6 

-3-2 

3 

118 

2 

52 

15 

-13-1 

2 

111 

15 

33 

27 

-13-2 

2 

103 

20 

32 

25 

-16-2-1 

5 

170 

9 

36 

26 

X191-16-3-1 

5 

215 

12 

40 

30 

-17 

3 

115 

8 

67 

37 

-19-1 

3 

135 

6 

37 

15 

-24 

3 

132 

7 

31 

18 

-25 

5 

168 

20 

31 

25 

X202-1 

2 

68 

15 

15 

15 

X212-1 

4 

197 

3 

41 

21 

H4-3-5-6-2-1-1 

4 

181 

0 

18 

7 

-2 

3 

146 

5 

22 

10 

-3-10-1-1-1 

4 

129 

0 

6 

2 

H4-3-10-4 

4 

171 

10 

36 

25 

-5-1-3-11-4 

4 

169 

4 

16 

7 

-5-1-7-6 

5 

180 

4 

15 

9 

-5-1-12-6-2 

2 

111 

2 

11 

6 

-5-1-12-6-5 

3 

123 

9 

16 

12 

H4-5-6-5-3-2-1 

2 

99 

6 

25 

18 

-5-6-8-3-1-1 

4 

171 

0 

13 

5 

-8-2-2-3-5 

2 

123 

2 

6 

4 

-8-6-1 

3 

139 

6 

39 

17 

-8-7-3 

5 

270 

5 

23 

14 

H4-8-7~3-l-l 

4 

200 

4 

36 

20 

-10-3-6-1-1 

4 

163 

7 

24 

16 

-3-5-6-2-1-3 

2 

105 

5 

5 

5 

H18-3-1-4-1-8 

4 

151 

0 

9 

4 

H23-2-17-4-2 

2 

147 

11 

16 

13 

H25-16-2-1-1 

4 

176 

3 

17 

12 

H27-3-7-4-4 

2 

124 

0 

0 

0 

H35-7-2-1-3 

4 

138 

9 

33 

20 

-7-6-4-1 

3 

145 

27 

68 

53 

H41-4-4-4-1 

4 

239 

8 

17 

8 

H41.-4-8-2-1 

2 

120 

8 

11 

9 

H42-5-4-9-9 

2 

103 

61 

70 

65 

-5-4-10-7 

2 

117 

48 

53 

50 

H47-91 

2 

36 

17 

22 

19 

H80-4-2-1 

2 

7. 

6 

7 

7 ■ 


tions illustrate the Yariation that was experienced in stripe testing with the 
method described. Examples: important differences occur between trials 
with C.I. 241 and C.I. 276, while insignificant differences appear with C.I. 
531 and C.I. 652. A lesser number of varieties show identical percentages, 
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as with C.I. 595. A total of 12 varieties had 90 per cent or more infected 
plants. They were the following varieties-. C.I. 967, C.I. 998, C.I. 1137, C.I. 
1315, C.I. 1330, C.I. 1409, C.I. 1417, C.I. 1551, C.I. 2208, C.I. 4500-1, C.I. 
4567-1, and C.I. 6087. Stripe symptoms of C.I. 998 were decidedly different 
from those of the Oderbrucker-Manchuria type. In C.I. 998 striped plants 
were greatly reduced in size and eulm elongation. In contrast striped plants 
of the Oderbrucker type were only slightly reduced in height. In response 
to infection, plants of some varieties were distinctly stunted and rosetted, 
and with little tendency to produce typical long striped lesions on the leaves. 

More important from a plant-breeding standpoint, however, are those 
varieties that resisted the disease. The authors consider that an infection 


TABLE 3 . — Source and nuniber of varieties with less than IS -per cent stripe infec- 
tion or more than 45 per cent 


Source or country 

Number of varieties with 

Less than 15% 

More than 45% 

Abyssinia 

4 

8 

Afghanistan 

1 


Asia 

2 


Asia Minor 

1 


Australia 

2 


China 

6 i 

1 

Chosen 

1 


Denmark 

1 


Europe 

2 


India 

8 

1 

Italy 

2 


Japan 

4 

1 

Manchuria 

6 

14 

Mesopotamia 

1 


Eussia 

3 

4 

Siberia 

1 

2 

South Africa 

1 


Sweden 

4 

1 

Switzerland 

2 


Total 

52 

32 


of 15 per cent or less indicates that a variety is resistant. Thirty-one varie- 
ties showed no infection, and 81 more developed less than 15 per cent stripe, 
making a total of about 112 with resistance. A classification of stripe 
reaction might be defined as follows : 0-1 per cent = highly resistant ; 2-15 per 
cent = resistant ; 16-30 per cent = moderately resistant ; 31-45 per cent = inter- 
mediate ; 46-60 per cent = moderately susceptible ; 61—100 per cent = sus- 
ceptible. 

Of the 284 varieties in the C.I. collection tested for stripe reaction and 
whose eastern hemisphere source is known, 52 varieties had less than 15 per 
cent stripe and 32 had more than 45 per cent. For convenience, the number 
and source of these varieties falling into the two classes are given in table 3. 
Resistant varieties came from different locations of Europe, Asia, and 
Africa. Manchuria and Abyssinia provided more susceptible types than 
other countries. 
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Of the varieties grown commercially in the north-central States Spartan 
is highly resistant. Hannchen, Regal, Trehi and Wisconsin Barbless are 
resistant, while Glahron, Newal, Odessa, and Velvon are moderately resis- 
tant. loglos, Olli, Peatland, Pliter, and Velvet are intermediate, while 
Dryland, Kindred, the Manchurias, Missouri Early Beardless, and Oder- 
brucker are susceptible to stripe. Summarized in table 4 are the percentages 
of stripe obtained in these varieties. 

The hybrid selections listed near the end of table 2 vary considerably in 
their response to stripe, some being resistant, some susceptible, and others 


TABLE 4 . — Stripe reaciion of some commercial Parley 'varieties of the United States 
and Canada 


Yariety 

C.I. number 

Average stripe 
infection 

Dryland 

5673 

Fer cent 

62 

Glabron 

4577 

30 

Hannchen 

531 

7 

loglos 

6239 

40 

Kindred 

6969 

83 

Manchuria, N. D. 2121 

2947 

86 

Manchuria, Minn. 184 

2330 

78 

Manchuria, O.A.C. 21 

1470 

83 

Missouri Early Beardless 

6051 

68 

Newal 

6088 

18 

Oderbrucker, Wis. Ped. 5-1 

4666 

75 

Odessa 

934 

23 

Olli 

6251 

37 

Peatland 

5267 

38 

Pliter 

6036 

44 

Regal 

5030 

14 

Spartan 

5027 

0 

Trebi 

936 

5 

Velvet 

4252 

45 

Velvon 

6109 

16 

Wisconsin Barbless 

5105 

14 


intermediate. Most of the selections are smooth-awned, though a few have 
rough awns ; some have good malting quality ; and some have resistance to 
other important diseases. Most of the smooth-awned selections are deficient 
in one or more desirable characteristics, and, therefore, would not be con- 
sidered for replacement of varieties now used for commercial production. 

A few of the stripe-resistant varieties that are of interest from the stand- 
point of their use as breeding stocks are as follows : C.I. 918, C.I. 920, C.I. 
936, G.I. 1111, C.I. 1613, e.I. 1969, C.I, 2276, C.I. 2492, C.I. 4821, C.I. 5105, 
and C.I. 6352. Some of these are particularly valuable because of their 
resistance to other important diseases, as well as to stripe. Shands (10) has 
pointed out the value of Chevron (C.I. 1111) as a breeding stock, since it 
carries resistance to stem rust, mildew, scab, and stripe. 

. SUMMARY 

Over a period of 8 years 375 barley varieties and selections were tested 
for their reaction to the stripe disease by bringing germinating barley ker- 
nels into contact with the mycelium of prammcitm Rabh. 
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Some varieties were highly resistant to the cultures of the fungus used 
in these tests; other varieties were intermediate in their stripe reaction; 
while still others were susceptible. Oderbrucker (C.I. 4666), which was 
used as the inoculated check 91 times in the series of tests, averaged 75 per 
cent stripe-infected plants. This indicates that the method of inoculation 
was effective. Physiologic specialization of the fungus may influence varie- 
tal response to inoculation. The host response to stripe infection may differ 
distinctly between varieties. 

Some of the stripe-resistant varieties may be of value as breeding stocks 
because they have other desirable characters. 

Agricultural Experiment Station, 

Madison, Wisconsin. 
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INHERITANCE OP CHLAMYDOSPORE AND SORUS CHAR.- 
ACTERS IN SPECIES AND RACE HYBRIDS OP 
TILLETIA CARIES AND T. FOETIDA^ 


C . S . H 0 LT 0 N 2 

(Accepted for publication January 26, 1944) 

The demonstration of hybridization between Tilletia caries (DC.) Tnl. 
{T, iriUci (Bjerk.) Wint.) and T. foeiida (Wallr.) Liro {T. levis Knehn) 
by Plor (2) suggested the possibility of studying the inheritance of certain 
physiological and morphological properties of these organisms, such as 
pathogenicity, chlamydospore markings, and spore ball characters. That 
the expression of these characters is genetically controlled is shown in the 
results of experiments reported by several investigators, although the man- 
ner of their inheritance has not been determined. Por example, Plor (2) 
observed that species-hybrid spores were smooth, like the T. foetida parent, 
and Hanna (4) made similar observations. However, neither of these 
workers observed segregation into smooth and reticulate spores in the 
progeny of the hybrid spores. Furthermore, Hanna (4) states that the 
spore balls of the hybrids resembled the T. foetida parent spore balls and 
that the characteristic trimethylamine odor of the T. foetida ig^eLvent was 
present in the hybrids. Apparently, however, no segregation for these 
characteristics was observed in any of the hybrids. Likewise, Becker (1) 
found culture characters to be of a heritable nature but the manner in 
which they are inherited was not determined, although the inheritance of 
pathogenicity was found to be intermediate in one cross and recessive in 
another. 

In 1938 (7) the writer described a hybrid-race of Tilletia caries, derived 
from a cross between T~9 (T. caries) and L-8 {T. foetida). The Pi spores 
of this hybrid were reticulate, although the reticulations were less prominent 
than those of the T. caries parent. In this hybrid, therefore, the reticulate 
character was at least partially dominant. No segregation of spore char- 
acters was observed. Later, however, studies (8) with hybrids produced 
by crossing the dwarf bunt with L-8 and T-12 revealed that the hybrid 
spores were intermediate between the parent types in the Pi and that segre- 
gation occurred in the P 2 . This was the first published evidence of segrega- 
tion of factors for chlamydospore characteristics in hybrids of the bunt 
fungi. More recently (10), a report on the inheritance of pathogenicity 
was published in which it was shown that factors for pathogenicity and 
chlamydospore characters are inherited independently. The purpose of 

1 Cooperative investigations of tlie Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Eesearcli Administra- 
tion, U. S, Department of Agriculture, with the Washington State Agricultural Experi- 
ment Station, Pullman, Washington. Published with the approval of the Experiment 
Station Director as Scientific Paper No. 575. 

2 Pathologist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, Soils, 
and Agricultural Engineering, Agricultural Research Administration, D. S. Department 
of Agriculture. 
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this report is to present some detailed observations on the inheritance of 
factors governing chlamydospore and spore-ball characters in certain 
hybrids between T. caries and T. foetida. 

MATERIAL AND METHODS 

Fifty-five hybrids were used in these studies, of which 32 were hybrids 
between Tilletia caries and T. foetida and 23 were hybrids between races 
within these species. The races used were, T-8, T-9, T-10, T-12, L--7, L-8 
(9), and dwarf bunt (8). Hybrids were produced by the method already 
described (6), each one being designated by number, and pedigreed as to 
race, chlamydospore, and sporidiiim. 

Chlamydospores of the Fi generation were obtained from Hindi (C.I. 
8454) wheat, which had been inoculated with paired monosporidial lines. 
Attempts to culture complete sets of individual sporidia from Fi spores 


TABLE 1. — Summary of olfservations on chlamydospore characters of hybrids 
tween Tilletia caries and T. foetida and their respective races 


Races crossed 

Number 1 
of hybrids 

Number of hybrids 
with El spores 

Remarksa 


Smooth 

Reticulate 


L- 8 X T- 9 

6 

3 

3 

Reticulations small. 

L- 7 X T-10 

8 

4 

4 

Reticulations medium to large. 

L- 8 X T- 8 

1 

1 

0 

Spores uniformly spherical 
(like T-8 parent). 

L- 8 X T-12 

7 

0 

7 

Reticulations small. 

T- 8 X T- 9 ..... 

9 1 

0 

9 

Reticulations large and vari- 
able in shape. 

L- 8 XL -7 

2 

2 

0 

Spores irregular in shape. 

Tr- 8 X T-10 

4 

0 

4 

Reticulations medium to large. 

T-12 X Dwarf ... 

8 

0 

8 

Reticulations medium to large. 

L- 8 X Dwarf ... 

10 

0 

10 

Reticulations medium to large. 

Total 

55 

10 

45 



a The reticulations on the chlamydospores of all of the T. caries parents were large. 


were unsuccessful and for this reason chlamydospores were used for inocti- 
lum to produce the generation on the susceptible winter wheat variety 
Hybrid 128 (C.I. 4512). Obviously, chlamydospore material obtained 
thusly was not readily adapted to an exact factorial analysis. Nevertheless, 
it was suitable for a study to determine the nature and extent of variation 
in chlamydospore characters of hybrids between species and races. Micro- 
scopic observations were made, therefore, to determine the dominant or 
recessive nature of certain chlamydospore characters in the Pi and the 
nature and extent of segregation of these characters in the P 2 . 

Spore balls of certain races of the bunt fungi differ primarily in size 
and shape. The expression of these characters, however, usually is governed 
to some extent by the variety infected. Furthermore, considerable varia- 
tion within a race may be expected, owing to the difference in the location 
of the bunt balls on the spike. Consequently, in studying spore-ball char- 
acters of parent races and hybrids between them, the spore balls were 
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selected, from tlie same variety and the same relative position on the spikes, 
usually the central portion. 


EXPERIMENTAL RESULTS 

Chlamydospore Characters 

The observations on chlamydospore characters in the Fi generation are 
summarized in table 1. Twenty-four of the interspeeies hybrids had reticu- 



PiG. 1. Pliotomicrograplis of parent and hybrid cblamydospores of Tilleiia caries 
and T. foetida showing heritable nature of spore markings. (Enlarged and retouched). 
I. Races T-9XL-8. 11. Races T-10 x Lr-7. III. Races T-10 x T-8. IV. Dwarf 

buntx T-12. V. Cerehriform Eg segregate from Ej, of ' IV. x about 850. 

late spores and 8 had smooth spores. The spores of hybrids between races 
of T. foetida were smooth and those of hybrids between races of T. canes 
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were reticulate. As indicated in table 1 and illustrated in figure 1, the 
reticulations of the hybrid spores were highly yariable in character. For 
example, in hybrids between L-8 and T-9 the reticulations were extremely 
small (Fig. 1, I) and the reticulations of the spores of hybrids between L-8 
and T-12 were similar in character. On the other hand the reticulations 
of the spores of several other species hybrids ranged in size from medium in 
some to large in others. This suggests lack of complete dominance of the 
reticulate character in any of the interspecies hybrids studied. Further- 
more, in hybrids between races of T. caries, there was lack of complete 
dominance of reticulation type represented by different races. This is 
indicated by the wide variation in size and shape of reticulations on Fi 
chlamydospores of hybrids between T-8 and T-10 (Fig. 1, III) and the 
reticulations of Fi chlamydospores of hybrids between the dwarf bunt and 
T-'12, which were distinctly different from those of either parent (Fig. 1, 
IV). As already stated, 8 of the interspeeies hybrids had smooth Fi spores, 
indicating complete dominance in these hybrids of the smooth character of 
the T. parent (Fig. 1, II). 

Although there was considerable variability in ehlamydospore markings 
in the Fi generation of some of the hybrids, the nature and degree of 
variability in the F 2 was clearly indicative of segregation of factors that 
control these characters. For example, in certain hybrids between T-~9 
and L~8 some of the F 2 spores resembled the T-9 parent, some resembled 
the Fi spores, and others had reticulations that were highly variable in 
character (Fig. 1, I). The L-8 parent type (smooth spores) was not re- 
covered in the F 2 . On the other hand, in hybrids between T-10 and L-7 
which had smooth Fi spores, both parent types in addition to other types 
v?^re recovered in the Fa (Fig. 1, II). Similar results were obtained with 
hybrids between the dwarf bunt (D) and T-12 (Fig. 1, IV). Worthy of 
special note is the cerebrif orm type illustrated in figure 1, V. Although not 
present in all sori, this type of spore was predominant in some of them. 
They have not been found to be viable. 

Sorus Characters 

That sorus characters are genetically controlled, at least to, some extent, 
is indicated by the results of a study with Hybrid 39, which resulted from 
a cross between T-9 and L-8. The spore ball types of the parents and 
hybrids are illustrated in figure 2. It will be noted that there is only a slight 
difference in the sori of T-9 and L-8 on the variety Hybrid 128 while the 
sori produced by Hybrid 39 (Fe) on this variety are much smaller than 
those of these two races. Furthermore, the hybrid sori are smaller on 
Hohenheimer than the T-9 parent sori and smaller on Oro than the L-8 
parent sori. Thus it appears evident that certain factors governing the 
size of the sori were operative in this hybrid between T-9 and L— 8, which 
resulted in the production of sori smaller than those of either parent. 
Furthermore, the fact that the hybrid sori were smaller than the parent 
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sori suggests transgressive inheritance. Also there appears to he a slight 
difference in the shape of the sori of the hybrid and L-8 on Oro (Pig. 2) . 
This is regarded as some evidence that sorus shape likewise is genetically 
controlled. Similar observations have been made in connection with other 
hybrids. 


L-6 ON HYBRID 128 


T-9 ON HYBRID 128 


HY-39 on hybrid 128 


•P9 ON HOHENHEIMER 


fcfY49 ON, HOHENHtiMER , H>W9 ON ORO 


Fig. 2. Type of sorus produced on 3 varieties of wheat by races T-9 and L-8 and 
a hybrid between these races. 


DISCUSSION 

The exact nature of inheritance of factors governing chlamydospore 
and sorus characters could not be determined in this study, mainly because 
complete culture sets of primary sporidia from individual ehlamydospores 
could not be obtained. Nevertheless, there is conclusive evidence in the 
data and observations reported that chlamydospore markings and size of 
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the sorus are determined by genetic factors and that wide variations in 
these characters probably are the result of different combinations of genetic 
factors. Consequently, one might expect to encounter variable types in col- 
lections of bunt from commercial wheat fields, inasmuch as hybridization 
might occur under natural conditions. This is especially true with regard 
to the reticulations of the chlamydospores of Tilletia caries, which, in the 
hybrids studied, were found to range in size from extremely small to rela- 
tively large. 

That hybrid spores have been observed in field collections is indicated 
by the reports of several investigators in different parts of the world. In 
the United States, Flor (2) found Tilletia caries midi T. foetida occurring 
together in field collections in the majority of cases, suggesting ample oppor- 
tunity for hybridization. Furthermore, he observed all degrees of reticu- 
lation on spores in field collections, some spores being so finely reticulated 
as to be difficult to distinguish from the smooth spores of T. foetida while 
others were so coarsely reticulated as to appear spiny. Gassner (3) ob- 
served spores that had much finer reticulations than T. caries and thin spore 
walls like T, foetida. He regarded this as an internaediate type that resulted 
from hybridization, and designated it as T. caries intermedia. It occurred 
infrequently (only 8 heads in over 2000 were found) and usually in the 
presence of the 2 main species, in several eases all 3 being in the same head. 
This association seems to support Gassner ’s theory that the intermediate 
type is the result of interspecific hybridization. Intergrading types, such 
as those described by Flor, apparently were not observed by Gassner (3). 
Hirsehhorn (5), however, describes and illustrates several types of reticu- 
lations, intergrading from the typical T. caries type to Gassner ’s intermedia 
type. She suggested that these intermediate types resulted from hybridiza- 
tion between T. caries and T. foetida. This suggestion is logical, since the 
experimental evidence now at hand indicates that the atypical spores ob- 
served by Flor (2), Gassner (3), and Hirsehhorn (5) did result from 
hybridization between the two species. Furthermore, from the taxonomic 
viewpoint, the importance of recognizing this possibility is emphasized by 
the fact that Savulescu et al. (11) established the species T. triticoides as 
distinct from T. caries on the basis of its slightly smaller spore size and more 
delicate reticulations. In other words, because of the intergrading types 
of chlamydospores that result from hybridization, delimitation of species 
of Tilletia on wheat according to size of reticulations can scarcely be 
justified. 

summary . 

In some hybrids between Tilletia caries and T. foetida the smooth char- 
acter of the T. foetida spores was completely dominant over the reticulate 
character of the T. caries spores. In other hybrids the reticulate character 
was partly dominant over the smooth character. Variability in type of 
reticulations and size of spores was observed in the Fi generation of certain 
hybrids between races pf r. carw. 
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Segregation and recombination of factors for clilamydospore characters 
occurred in the F 2 generation of hybrids between Tilletia caries and T. 
foetida and between races within species. Spores resembling both parents 
and spores distinctly different from both parents usually were recovered in 
the Fa. Ill one species hybrid smooth-type spores of the T. levis parent were 
not recovered in the Fa. 

Evidence is presented indicating that size and shape of the sori of 
Tilletia caries and T, foetida are, at least partly, genetically controlled. 

Agricultural Experiment Station, 

Pullman, Washington. 
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PEELIMINARY RBPOET ON SOME MOSAIC DISEASES OP 
IRIDACEOUS PLANTS 
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(Accepted for publication January 12, 1944) 

Comparatively few members of the Iridaceae are reported subject to 
mosaic diseases, and none of these plants are recorded as snscepts of the 
well-known viruses of wide host range. Iris mosaic (2) has been shown to 
be transmissible by sap, and by the aphids MacrosipJium solanifolii (ABhm.) 
and Myzus persicae (Sulz.), but the known host range is limited to the genus 
Iris: A mosaic disease of gladiolus, described by Dosdall in 1928 (4) , has 
assumed greater importance in recent years (3). Although shown to per- 
sist in vegetative parts, gladiolus mosaic has not previously been shown to 
be transmissible. A virus disease of Preesia, not known to occur in the 
United States, has been described briefly and attributed to Preesia virus 1 
by Smith (6), but no report of transmissibility has yet appeared. Atana- 
soff (1) and later observers have reported mosaic symptoms in Crocus. 

. Conns of Tigridia (T. pavonia (L.f.) Ker) were received from a growler 
in western Washington in 1939, with the report that a mosaic-like disease 
had spread rapidly through a previously normal planting. Mosaic symp- 
toms are common in gladiolus varieties grown at the Plant Industry Station, 
Beltsville, Maryland, and elsewhere. Similar mottling symptoms have been 
noted in plants received from commercial sources, including Bahiana 
hybrids, Ixia hybrids, hybrids, Strepianthera cuprea 

Tritonia lineata (Salisb.) Ker, rnsfoma hybrids, including Mor/iZjrefiaj, and 
Watsonia marginata (L.f.) Ker. Stocks from New Jersey, Ohio, and Cali- 
fornia dealers appear similarly affected, indicating that the virus or viruses 
are generally distributed in the United States. A study of the interrelation- 
ship of these virus diseases, and of their possible relationship to such diseases 
of other monocotyledons, was begun in 1940. Although the work is far from 
complete, transmissibility of mosaic viruses in Tigridia, Gladiolus, and sev- 
eral other genera may be reported at this time. 

.SYMPTOMS , 

Symptoms of the diseases in the several source plants had the following 
characteristics: 

Tigridia mosaic, appearing in the greenhouse in plants grown from conns 
received from the Washington grower, consisted of pale-green to yellowish- 
green, irregular streaks and blotches (Pig. 1, A) in leaves and flower bracts. 
Breaking of the flower color in the form of pale, white streaks or, less com- 

1 Entomologist, Division of Truck Crop and Darden Insect Investigations, Bureau of 
Entomology and Plant Quarantine, Agricultural Eeseareh Administration, United States 
Department of Agriculture. 

2 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, 
United States Department of Agriculture, Beltsville, Md. 
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Fig. 1. A. Tigridia mosaic. Left to right, natural infection, control, and experi- 
mentally produced infection (Aphis gossypii transfer). B. Grladiolus mosaic. Experi- 
mentally produced (Myms persicae transfer) and control. 


of Picardy the flowers were pink in bud, but became pale-streaked or spotted 
when full-blown or while fading. Both color-intensified and bleach patterns 
were noted in other lots of this yariety and in other varieties. The corm 
symptoms noted by Dosdall (4) have not been detected in our material. 

Characteristic mosaic mottling appeared in plants of the other genera 
mentioned above. A bright-yellow, angular mottle was present in naturally 
infected Ixia hybrids, light and dark green mottling in the others. Darker 
^'tear-drop’' flower breaks were noted in Babima hybrids, and pink streak 


monly, dark streaks, has been detected in Tigridia^ but these symptoms have 
been less striking than the breaks commonly present in the tiowers of mosaic- 
affected bulbous iris. 

A number of gladiolus plants of the variety Picardy w^ere selected for 
flower breaks in the field in 1941 and grown under glass in 1942. Young 
leaves developing in April and May showed a fine-grained, angular, green 
mottling, and the flowers showed distinct breaking in color. In this sample 
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breaks were present in white flowers of affected Ixias, Sparaxis hybrids 
exhibited a strong* green leaf mottling, with frequent crinkling and pinching 
of affected leaves not observed thus far in other iridaeeous plants. 

TRANSMISSIBILITY 

The carborundum leaf -rubbing technique failed to transmit Tigridia- 
mosaic virus to Tigridia seedlings, or gladiolus-mosaic virus to gladiolus 
seedlings. The methods of culturing and transferring aphids were those 
described in connection with other studies (5). Control seedlings of 
Tigridia, Gladiolus, and Triionia crocata (L.) Ker have remained healthy 
in the screened and fumigated greenhouse throughout this study. 

The data in table 1 show that Tigridia-mosaic virus is transmissible by 
Aphis gossypii Glover. Transfers by Macrosiphum lilii (M-onell) and by 
Myz%is circumflextis (Buckt.), indicated by single infections by each species, 
also are considered authentic, as no evidence of contamination was detected 
in the greenhouse-grown seedlings under test. Mosaic mottling typical of 
the source material appeared in experimentally infected plants, but no 
flower breaks were observed. 

Gladiolus-mosaic virus was transmitted to seedling gladiolus plants by 
Myzus persicae in three trials (Fig. 1, B) and by M. circumflextis in one 
trial. Symptoms appeared in 2 to 4 weeks in actively growing plants, or 
else in the second season. Flower breaks like those in the Picardy source 
appeared in the 6 experimentally infected plants that bloomed. Uninocu- 
lated seedlings developed no breaks like the virus type, but some of these 
produced flowers with fine striping or marbling believed to be heritable 
color patterns. 

Triionia crocata seedlings offered some promise as test plants for irida- 
ceous viruses. This species is readily grown from seed under glass, but is 
not ideal in symptom expression. Some exploratory transfers to this species 
are listed in table 2. Myzus persicae transmitted virus from mosaic-affected 
Bahiana, Ixia, Sparaxis, Streptanihera, Tigridia, Triionia, Waisonia 
to Triionia crocata seedlings. Mottling appeared at the base of young 
leaves 2 to 8 weeks after exposure, as fine, angular, dark-green islands on a 
paler green ground. No flower breaks were detected in Triionia, 

No certain distinctions between viruses transferred from different genera 
can be made from these data (Tables 1 and 2). Apparent differences noted 
in vector relations, ease of transfer, or incubation periods may well be due 
to differences in growth rate of inoculated seedlings or to other factors. In 
other tests, however, some differences in symptom expression indicate that 
distinct viruses or virus strains are concerned in iris mosaic from German 
iris and in the mosaic of Sparaxis. Myzus persicae transferred from mosaic- 
affected German iris to gladiolus seedlings produced a prominent rec- 
tangular mottle pattern in 2 weeks, the 2 affected shoots, of 5 exposed, later 
turning yellow, then brown, and dying prematurely. When this test was 
repeated with the same vector, small side shoots were mottled and killed in 
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a similar sequence in 4 pots of 5 exposed, but larger plants in the same pots 
remained unaffected. Apparently a virus from mosaic-affected German iris 
is lethal to gladiolus, whereas the gladiolus-mosaic virus from Picardy 


TABLE 1. — Transmission of virus from mosaic- affected Tigridia to Tigridia seed- 
lings, and from mosaic-affected gladiolus to gladiolus seedlings, ly aphids 


Bate of 
transfer 

Aphid species 

Aphids 
per plant 

Seedling 

plants 

infecteda 

Minimum 

incubation 

X^eriodb 

Tigridia mosaic 



Nuniber 


Days 

May 29, 1941 

Aphis gossypii 

25 

3/9 

20 

June 19, 1941 

do. 

25 

2/5 

21 

June 1,1942 

do. 

20 

3/6 

26 

June 21, 1941 

Aphis rumicis L. 

20 

0/10 


May 28, 1942 

do. 

25 ■ 

0/5 


May 29, 1941 

Macrosiphum lilii 

20 

1/8 

340 

June 23, 1941 

Mysns circumflexus 

20 

1/3 

17 


Gladiolus mosaic 


July 30, 1942 i 

Macrosiphum solanifolii 

30 

0/10 i 


Aug. 26, 1942 

do. 

10 

0/4 : 


May 28, 1942 

Myziis circumfiexus 

25 

2/5 

252 

May 28, 1942 

Myms persicae 

25 

4/5 

1 . 25 

June 26, 1942 

do. 

25 

4/6 

221 

Feb. 5,1943 

do. 

40 

5/5 

1 , . 14 ■ 


Number infected over number exposed. 
^ Bays until symptoms appeared. 


TABLE 2. — Transmission of virus from mosaic plants of several iridOiCeous genera to 
Tritonia erocata seedlings hy Mysus persicae 


Bate 

Source of virus 

Ax)hids 
r)er test 

Plants 

infecteda 

Minimum 

incubation 

period^ 

Bee. 31, 1942 

Babiana hybrid 

Nimher 

80 

7/16 

Days 

14 

Feb. 5,1943 

Gladiolus (var. Picardy) 

240 

0/20 


Feb. 5,1943 

Iris germanica L. 

240 

0/20 


Bee. 31, 1942 

Ixia hybrid 

80 

2/20 

14 

Jan. 30, 1942 

Sparaxis hybrid 

250 

1/10 

56 

Jan. 2,1943 

do. 

80 

2/20 

48 

Feb. 5,1943 

do. 

240 

0/20 


Bee. 31, 1942 

Streptanthera cuprea 

80 

11/15 

14 

May 28, 1942 

Tigridia pavonia 

150 

1/5 

19 

Feb. 5, 1943 

do. 

240 

0/20 


Bee. 31, 1942 

Tritonia hybrid 

80 

4/18 

14 

Bee. 31, 1942 

Watsonia marginata 

80 

3/20 

50 


a Number of plants infected over number exx:)osed, 
to Bays until symptoms appeared. 


induces mild mottling and flower breaks only when transferred by the same 
vector. 

TYmisfem ot Myzm persicae iTom mottled axis produced positive 
results but no unusual patterns in Tritonia crocata. A transfer to gladiolus 
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seedlings yielded mosaic mottling in 3 of 5 exposed, 1 of whicli developed 
a prominent, rectangular, yellow pattern similar to the yellow mottling 
occasionally seen in gladiolus in the field. Transfers by M. persicae from 
Sparaxis to Clara Butt tulip repeatedly induced white spotting in leaves 
and cueumber-mosaic-type flower breaks. Mechanical transfers to tobacco 
from such inoculated tulips, and also from the Sparaxis source, yielded a 
cucumber-mosaic virus strain similar to those commonly present in Easter 
lilies affected with necrotic fleck. No cucumber-mosaic virus was recovered 
by mechanical methods from the gladiolus showing exceptional symptoms 
following inoculation from 

In further mechanical transfers cucumber-mosaic virus isolated from 
Sparaxis produced white-ring and watermark pidmary lesions in Turkish 
dobacco, followed by systemic mild yellow mottling. In White Spine cu- 
cumber, primary lesions appeared in the cotyledons, as was the case with 
the celery strain, followed by mild yellow mottling but no stem necrosis. 
Zinfiia elegans Jacq.- developed systemic mottling. White-spot primary 
lesions of the cuciimber-mosaic-virus type were produced in Mesemlryanthe- 
mum crystallimiM L. 

DISCUSSION 

The occurrence of cucumber-mosaic virus in Sparaxis is believed to be a 
new record for the family Iridaceae, as well as for this genus. No evidence 
has been obtained thus far that other genera of Iridaceae are susceptible. 
The role of this virus in the mosaic disease, observed to occur naturally in 
Sparaxis, cannot be evaluated until healthy individuals are available for 
inoculation. The evidence at hand suggests that this virus may contribute 
to the effects observed but that it is not the only virus concerned in the 
mosaic disease of Sparaxis. 

It is uncertain whether gladiolus mosaic, Tigridia mosaic, and the similar 
diseases observed in several other iridaceous genera are caused by a common 
virus. The differential response of gladiolus seedlings indicates that iris- 
mosaic virus, as found in German iris, is distinct. Until these relations are 
more definitely established, it is considered unwise to propose technical 
names for the viruses concerned. Common names such as gladiolus-mosaic 
virus and Tigridia-mosaic virus should be adequate at present. 

SUMMARY 

Tigridia-mosaic virus was found to be transmissible by Aphis gossypii^ 
Macrosiphum lilii, and Myzus circum>flexus, but not by sap; gladiolus-mosaic 
virus was transmissible by M. circumflexus and M. persicae, hut not by sap. 

Virus was transmitted from mottled BaMana, Ixia, Sparaxis, Streptan- 
thera, Tigridia, and Watsonia to Tritonia crocata hy Myzus persicae. 

Cucumber-mosaic virus was found naturally occurring in Sparaxis 
hybrids. 

Plant Industry Station, 

Beltsville, Md. 
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RHIZOCTONIA LEAF SPOT OF COTTON 
D . C. Ne al 

(Accepted for publication January 20, 1944) 

A leaf spot of cotton, appai’eiitly due to the Rhizoctoiiia fungus, was re- 
ported from Louisiana in July, 1943 (3). The disease was first observed 
by H. B. Brown, Agronomist of the Experiment Station, on leaves of an 
unknown strain of Deltapine cotton plants growing in a bottom field near 
a drainage ditch. Subsequently, specimens of the affected leaves were col- 
lected and referred to the writer for examination for a possible disease- 
producing organism. Microscopic study and pure-culture isolations from 
affected leaves have shown that the Rhizoctonia fungus is responsible for 
this leaf spot. Also, cultural characteristics and growth relationships indi- 
cate that it is in all probability the common soil species, BMzoctonia solani 
Kiihn (Corticnm solani (Prill. & Del.) Bourd. & Galz.). The disease also 
was later observed on other varieties, including Coker and Delf os cotton. 
While frequently a considerable area of the leaf is attacked, causing some 
shedding, observations made so far show that damage to the plant is not 
serious enough to cause much reduction in yield. 

DESCRIPTION OF THE DISEASE^ 

The disease is readily recognized. In the early stage, light brown, irregu- 
larly shaped spots of varying size appear between the veins, bordered by a 
dark-purplish ring — a distinctive feature. As the f ungus advances, it causes 
the tissues immediately surrounding the spots to become chlorotic, and the 
necrotic area of the old spot cracks or falls out, presenting a ragged, shot- 
hole appearance (Pig. 1). Microscopic and macroscopic examinations reveal 
abundant light- to yellowish-brown mycelium over and around the spots on 
the lower surface of the leaves. The mycelium agrees closely with morpho- 
logical characteristics described by Duggar (2) for Bkizoctonia sola^ni. 
Hyphal strands are frequently numerous and may easily be observed with 
a hand lens. 

CULTURAL STUDIES AND GROWTH ON MEDIA 

The fungus was easily isolated by sterilizing for brief intervals (2 to 
3 minutes) small sections of infected leaves in a 3.5 per cent B-K stock 
solution (active ingredient calcium hypochlorite) diluted with 2 parts water 
and subsequently plating on potato-dextrose agar. By using newly affected 
leaves, especially the chlorotic tissue surrounding the spots, the fungus may 
be obtained in practically 100 per cent of the platings by this technique. 
In addition to potato-dextrose agar, the fungus also grows well on Trom- 
mer’s malt agar, the hyphal strands becoming cinnamon-brown or darker 
after 6 or 7 days’ growth in Petri plates and forming pseudo-sclerotial wefts. 

1 The writer is indebted to Dr. E, 0. Tims of the Department of Plant Pathology, 
Louisiana Agricultural Experiment Station, for the photographs of this leaf spot. 

m 



!Pig. 1. Cotton leaves infected with HJmoctonia fungus. Note shot-hole appearance 
of leaves and dark-purplish ring surrounding spots. Natural infection. Variety — Delta- 
pine. Photographed July 16. 

PATHOGENICITY TESTS 

Typical lesions of the disease have been produced on leaves of plants by 
inoculating with agar cultures, and the fungus later reisolated from the 
inoculated leaves. In most cases 3- or 4-day-old cultures of the fungus on 
potato-dextrose agar in Petri plates were employed for the inoculations, a 
block of the agar culture approximately a half inch square being applied 
with scalpel to the upper and lower surfaces of separate leaves. As controls, 
other leaves were treated similarly with sterile agar blocks. The results of 
these inoculations are shown in table 1 and illustrated in figure 2. 

TABLE 1. — Number and 'per cent of cotton leaves with lesions 10 days following 
inoculation with Nhizoctonia isolate^ 


a Inoculated July 24. 

Average per cent infection all varieties upper surface inoculations 53.8, lower 92.3, 


Variety 

Leaves inoculated 

Leaves with lesions 

Per centi> 
infection 

Surface placement of 
inoculations 

Surface placement of 
inoculations 


Tipper 

Lower 

Total 

Tipper 

Lower 

Total 


Coker 

10 

10 

20 

6 

10 ' 

16 

80.0 

Deltapine 

10 

10 

20 

4 

8 

' 1:2 ■ ■■ 

60.0 

Delfos 

. 6 

6 

12 

4 

6 

10 

83.3 

Coker control 



0 



0 

0.0 

Deltapine control ...... 



0 



0 

0.0 

Delfos control ............... 



0 



0 

0.0 






Fig. 2. Cotton leaves artificially infected with IBJiizocionia by placing sections of 
agar cultures of the fungus on the uninjured leaf surface. Inoculated July 26. Photo- 
graphed August 3. Variety — Deltapine. 

DISCUSSION 

Although Bhizoctonia solani is known to cause ‘^damping off” and ‘‘sore 
shin” of cotton seedlings (1) and sometimes persists when cold, wet weather 
continues through late spring, causing injury to root systems and stems of 
older plants (4), this is the first report, as far as the writer is aware, of 
leaves of mature cotton plants being attacked by a species of Bhizoctonia, 
In studying possible sources of infection and means of dissemination of 
this fungus to the leaves of large cotton plants, a search was made of all 
other vegetation growing in close proximity, such as grasses and weeds 
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Inconspicuous lesions were noticed on some of the inoculated leaves after 
8 and 9 days, respectively ; therefore, under favorable weather conditions, 
such as light rainfall and moderate temperatures, which prevailed during 
these experiments, the period of incubation is perhaps 6 or 7 davs. 
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None of these hosts, however, gave evidence of being a carrier of the disease. 
Also, none of the cotton plants showed the Corticium stage of the fungus, 
thus eliminating probable spread by basidiospores. It would seem, there- 
fore, that infection of the leaves may have occurred through dissemination 
of infested soil particles or debris, by wind, or other agencies. These points 
are still under investigation. 

SUMMABY 

A leaf spot of cotton, hitherto unreported and caused by the Khizoctonia 
fungus, occurred at Baton Kouge, Louisiana, during the summer of 1943. 
It developed in mid- July on Deltapine plants, and later was found in other 
near-by fields on other varieties, including Coker and Delfos. 

Leaf symptoms are distinctive and are described herein. 

The fungus was readily isolated from infected leaves and its patho- 
genicity established through inoculation experiments. Under conditions 
favorable for infection, such as cloudy weather and moderate temperatures, 
the period of incubation was estimated to be approximately 6 or 7 days. 

Cultural studies of this leaf-spot Rhuoctonia indicate that its morphology 
and growth characteristics are similar to and probably identical with the 
common soil fungus, Rhizoctonia solani (Corticium solani). Although cer- 
tain possibilities present themselves, the exact manner by which it is dis- 
seminated to the leaves of mature cotton plants is unknown. 

While the disease was frequently found attacking large leaf areas, suffi- 
cient to cause shedding, it has not been found yet to be of serious economic 
importance. 

U. S. Department of Agriculture, 

Agricultural Research Administration, 

Bureau of Plant Industry, Soils, and Agricultural 
Engineering, 

Division OF Cotton AND Other Fiber Crops AND Diseases, 

In Cooperation with the 

Louisiana Agricultural Experiment Station, 

Baton Rouge, Louisiana. 
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SOME WAYS BY WHICH NUTRITION MAY AFFECT . SEVERITY 
OF DISEASE IN PLANTS^ 

Gr. M. Shear and S. A. Wingard 
(Accepted for publication January 27, 1944) 

The purpose of this paper is to call attention to some experimental evi- 
dence obtained by other workers, and by the writers, that brings out possible 
relationships between certain unbalanced conditions in the mineral nutri- 
tion of a host plant and the severity of attack by certain vascular pathogens. 
That the nutrition of plants affects their susceptibility to certain diseases 
has been shown by numerous investigators and their findings have been 
reviewed by Wingard (8). In many instances the effect of nutrition seems 
to result from its effect on the general vigor of the plant. In other cases 
deficiencies of certain elements affect the susceptibility of a plant to a dis- 
ease, while deficiencies of other essential nutrients have no apparent effect, 
thus showing that other factors are involved in such cases. These effects 
are not always easily explainable, although their pathological, as well as 
physiological, implications are of unquestioned importance. 

The findings of Spencer and McNew (7) regarding the effects of nutri- 
tion on the susceptibility of sweet corn to Phytomonas stewarti show very 
clearly certain ways in which nutrition affects the development of a disease. 
They found that seedlings dwarfed by high concentrations of nitrogen, 
phosphorus, or potassium were more severely infected than those grown at 
concentrations more conducive to rapid growth, and that seedlings deficient 
in either nitrogen or phosphorus were only slightly infected whereas potas- 
sium-deficient seedlings were severely infected. Regarding the effect of 
potassium, they state that the disease was more severe in seedlings deficient 
in potassium than in those supplied with low concentrations of potassium 
and that this difference in severity may possibly be explained as follows : The 
pathogen may have a low potassium requirement and may cause considerable 
injury when inoculated into seedlings weakened by a deficiency of potassium. 
However, with the addition of small amounts of potassium, the seedlings 
start normal growth, and in so doing may become more resistant. 

As a result of further study on the effect of nitrogen on the corn wilt 
organism, McNew and Spencer (4) showed that the amount of nitrogen in 
the tracheal sap of maize directly affects the growth of Phytomonas stewarti. 
This direct effect they state is probably attributable to the fact that the 
bacterium lives almost entirely in the tracheal tubes during the early stages 
of its invasion and, therefore, depends upon the materials in the transpira- 
tion stream for its sustenance. They present conclusive evidence, also, that 
the corn wilt bacterium depends oh inorganic nitrogen in the tracheal sap 
for its parasitic existence. 

1 Published with the approval of the Director, Yirginia Agricultural Experiment 
Station, as Scientific Paper No. 120. 
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The recent findings of Shear (6) regarding the effects of different 
amounts of fertilizer on the nutrient content of the conductive tissue of 
tobacco explain more fully the results obtained by Spencer and McNew and 
also throw some light on other w^ays by which nutrition may affect the sus- 
ceptibility of a plant to disease. Increasing the amount of a nutrient in 
the fertilizer generally increased the amount of that nutrient in the con- 
ductive tissue. A deficiency of an element in the soil showed a correspond- 
ing decrease in the amount of that element in the conductive tissue of the 
plant 

However, the deficiency of a particular element sometimes resulted in a 
marked increase of the relative amounts of other elements in the conductive 
tissue, and this may be of importance in explaining the effect of a nutrient 
deficiency on the severity of infection by certain vascular parasites. When 
nitrogen, for example, was left out of the fertilizer, nitrate nitrogen in the 
conductive tissue was found to be very low, while phosphorus was found to 
be high and potassium not significantly affected. These findings agree with 
those of Carolus (1), who worked on certain truck crops and indicate that 
when nitrogen is deficient, protein formation is interfered with and the 
phosphorus that would otherwise be used in making protein compounds is 
accumulated in the conductive tissue. Apparently, however, the degree of 
nitrogen starvation was not great enough to interfere appreciably with 
carbohydrate metabolism in which the postassium was utilized. 

In the tobacco experiments, when phosphorus was left out of the f er- 
tilizer, phosphorus in the conductive tissue was found to be very low, but 
the amount of nitrates and potassium was not affected thereby. These find- 
ings differ from those of Carolus (1), and Eckerson (2), working with 
tomatoes, who found that there was an accumulation of nitrate nitrogen in 
phosphorus-deficient plants. Eckerson explains that there is a decrease in 
the reductase activity in phosphorus-deficient tomato plants, which inhibits 
the utilization of nitrates. MacGillivray (3), on the other hand, found that 
there was an increase in the percentage of nitrogen in phosphorus-deficient 
tomato plants but that it was confined to water-soluble forms other than 
nitrates. These apparently conflicting results may be explainable on the 
basis of the degree of phosphorus deficiency obtained in the different studies. 
The phosphorus requirements of the various plants studied may have varied 
also. 

When potassium was left out of the fertilizer mixture used in the tobacco 
experiments, potassium in the conductive tissue was found to be low, while 
phosphorus and nitrate nitrogen were high. Carolus (1) mentions the 
increase in nitrate nitrogen when potassium is deficient, but does not men- 
tion any effect that it has on the amount of phosphorus. Nightingale, Scher- 
merhorn, and Eobbins (5) found that a lack of potassium in tomato, beet, 
and lettuce plants retards the synthesis of organic nitrogen from nitrates. 
This might explain the high amounts of both nitrate and phosphorus found 
in the conductive tissue of tobacco. If the nitrates were not converted under 
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conditions of potassium deficiency, the utilization of phosphorus would be 
impeded the same as it is when nitrogen is deficient. 

The preceding findings provide a basis for a logical explanation of the 
increased severity of wilt infection of corn seedlings deficient in potassium. 
It would appear, therefore, that the increased wilt severity is due to an 
increased rate of bacterial multiplication caused by the increase in nitrate 
nitrogen in the conductive tissue, resulting from the potassium deficiency. 
"When potassium deficiency is less severe, more of the nitrate in the corn 
plant would be utilized by the plant itself, thus reducing the amount in the 
conductive tissue available for the growth of the wilt organism. This in 
turn would lessen the severity of the effects caused by the parasite. 

Such a direct relationship between the nutrition of the host and the para- 
site as that suggested above would not occur in many instances, as most para- 
sitic organisms require more complex nitrogen compounds for their nutri- 
tion. Assuming our interpretation to be correct, if the severity of infection 
caused by a disease-producing organism were found increased by addition 
of an excess of nitrogenous fertilizer, but not increased by a deficiency of 
potassium, the inference wvould be that the pathogen probably could not 
directly utilize nitrate-nitrogen within the host. It might perhaps indicate 
that the severity of infection was increased either by the succulence of the 
host tissue or more probably by the presence of an abundance of some more 
complex nitrogen compound, essential to the growth of the parasite, which 
was being produced in excess of the requirements of the host. 

. Section of Botany and Plant Pathology, 

Virginia Agricultural Experiment Station, 

Blacksburg, Virginia. 
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COMPARATIVE STUDIES OF TWO CARROT LEAF DISEASES^ 

W. J. Hookers 

(Accepted for publication January 29, 1944) 

INTRODUCTION 

111 Wisconsin, as well as in many other areas, carrots (Daucics carotae 
L.) are attacked by 2 leaf -spotting fungi, Cercospora carotae (Pass.) Sol- 
heim and Macrosporiiim carotae Ellis and Langlois. It has been noticed 
in Wisconsin and has been reported in Massachusetts (1) that the seasonal 
cycles of these diseases differ from each other. C. carotae occurs most com- 
monly during July and early August in Wisconsin, whereas M. carotae de- 
velops in severity during August and throughout September. This study 
was initiated to determine whether the difference in seasonal cycle could be 
explained on the basis of the response of the 2 fungi to temperature or to 
other factors. 

METHODS 

Single-spore cultures of Macrosporium carotae did not sporulate on 
potato-dextrose agar, and as a result a medium containing 6 per cent fresh 
carrot leaves and 2 per cent agar was used for spore production. It was 
later shown that 2 per cent water agar induced sporulation equally well. 
Both media supported only meager vegetative growth. Cercospora carotae 
was grown on a medium prepared with carrots, cucumber, and agar de- 
scribed by Mrak, Phaff, and Douglas (2). 

Seedling carrots of the Danvers Half Long Variety in the 4- to 6-leaf 
stage were used in greenhouse studies with the exception of 1 experiment 
in which leaves developed from storage roots of the Chantenay variety were 
used. Leaves were inoculated by spraying with a spore suspension. The 
plants were held in moist chambers for 48 hours, and then they were re- 
turned to the greenhouse bench. The houses in which inoculated plants were 
incubated were held at constant temperatures of 16, 20, 24 and 28° C., 
respectively. Each inoculated leaf was placed in 1 of 4 classes designated 
as healthy and slightly, moderately, or severely diseased, respectively. Prom 
such data a disease index was calculated in which the 4 classes were given 
equal weight. Thus the index for any given set of plants might vary from 
0, indicating all were healthy, to 100, in which all were severely diseased. 
In certain cases the data were treated by the analysis of variance method. 
The writer is indebted to Dr. J. H. Torrie for advice in connection with this 
phase of the study. 

SYMPTOMS OP THE TWO DISEASES 

Differences in symptoms of the 2 diseases have been described by Doran 

1 The writer is indebted to Hr, J. 0. Walker for advice during tlie course of tbis 
investigation and in the preparation of the manuscript. 

2 Poruierly Instructor in Plant Pathology, University of Wisconsin ,* , at present Ke- 
search Associate in Botany, Iowa State College, Ames, Iowa. 
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and Cuba (1) and those of Cercospora caroiae, described and illustrated by 
Thomas (3). The distinction between the diseases is best shown in figure 1. 


Fig. 1. A, Macrosporium carotae; and B, Cercospora carotae on leaves of carrot. 
M, carotae generally produces dark, irregularly shaped lesions whereas those produced by 
C. carotae have a light-tan-colored center and tend to be more nearly circular in shape. 

The spots caused by (7. carotae are, in general, more nearly circular than 
those caused by Macrospormm carotae. Leaf tissue is invaded more rapidly 
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by tbe latter fungus resulting in more irregularly shaped lesions which may 
quickly involve the leaflet tip or the entire leaflet. The leaf spot caused by 
C. carotae is generally a light tan color, especially if the disease has devel- 
oped during periods of relatively low humidity, as was the case with the leaf 
shown in figure 1; whereas, if development has occurred in a moist atmos- 
phere, the entire lesion may be dark colored and not so nearly circular, as 
illustrated by Thomas (3). Lesions produced by M. carotae are generally 
dark-brown to black, and chlorosis of surrounding tissue is considerably 
more prominent than in the case of spots caused by 0. carotae. Both fungi 
attack the petioles, producing elongate lesions that often result in death of 
the entire leaf. Petiole lesions in the case of C. carotae often have a more or 
less light-colored center, whereas those caused by M. carotae are dark in color. 

TEMPERATURE RELATIONS IN PURE CULTURE 

Throughout the investigation spore germination and growth responses 
in Petri-dish cultures were determined on potato-dextrose agar. Spore sus- 


TABLE 1. — Effect of temperatme on germination of spores of Maorosporium carotae 
and Cercospora carotae 


Temp. 

Macrosporkm carotae 

Cercospora carotae 

Experiment nnmber 

Average 

Experiment number 

Average 

1 

2 

3 

1 

2 

3 

°C. 

1 Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

4 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 . 

0 

0 

0 

8 

8 

12 

9 

12 

36 

12 i 

72 

40 

50 

91 i 

26 

56 

16 

91 

10 

88 

63 

92 

91 

84 

89 

20 

92 

85 

100 

92 

100 

96 

98 

98 

24 

100 

79 

95 

91 

100 

97 

100 

99 

28 

100 

93 

100 

98 

98 

99 

100 

99 

32 

100 

100 

100 

100 

98 

93 

100 

97 

37 


96 

86 

91 

0 

0 

0 

0 


pensions were placed in Petri dishes at room temperature in experiments 
1 and 2, whereas in experiment 3 the spore suspension was added to plates 
previously brought to incubator temperature. Observations were made at 
the end of about 3 hours with Macrosporium carotae and at the end of 24 
hours Cercospora carotae. The percentage of germination at different 
temperatures is shown in table 1. In the ease of M. carotae germination was 
practically complete over a range of 20 to 37° C. during the 3-hour period 
of incubation. Slight reduction was noted at 16°, marked reduction at 12°, 
and no germination at 8 and 4°. Observations after 1- and 2-day incubation 
showed good germination at both 4 and 8°, while at 37° good germination 
occurred with no further mycelial development. Practically complete ger- 
mination of 0. carotae occurred at 20 to 32° ; it was slightly reduced at 16°, 
and markedly so at 8°. No germination was observed at 4°, but, after a 
week, short germ tubes had developed, while during this interval none had 
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developed at 37°. These results are in general accord with those of Doran 
and Guba (1) and Thomas (3). 

For studies of growth, cultures in dishes were inoculated in the center 
with a heavy suspension of spores in the ease of Cercospora carotae and with 
a 5-mni. disk of mycelium and agar in the ease of Macrosporium carotae. 
Measurements of colony diameter were made at the end of 1 week. Kelative 
mycelial growth of both fungi in culture is shown in figure 2. Both fungi 
showed a distinct growth optimum at 28° C. 



Pig. 2. Temperature relations of Macrosporium carotae and Cercospora carotae as 
indicated by colony diameter after incubation for 1 week on potato-dextrose agar at tem- 
peratures indicated. Graph drawn by Eugene Herrling. 

INFLUENCE OF TEMPERATURE ON DISEASE DEVELOPMENT 

In order to distinguish between the effect of temperature on infection 
and on subsequent disease development, 2 distinct series of inoculations were 
carried out. In the first ease, the temperature of inoculation was maintained 
the same as that of the house in which disease development was to take place 
by putting individual moist chambers over the plants in the respective tern- 
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peratiire houses. In the second case, plants were inoculated in a common 
moist chamber and then removed to their respective temperature houses. 
The optimum temperature for seedling development of Danver’s Half Long 
carrot was about 24° C. 

The results of inoculation experiments in which inoculation and subse- 
quent disease development occurred at the same temperature are shown in 
table 2. Markedly slower disease development by Macrosporiiim carotae 
occurred at the low temperatures. In all trials the disease developed more 
slowly at 16° C. than at 20°. Although this difference was not significant 
at the 5 per cent level, it was marked. Significant differences were obtained 
when disease development at 16 or at 20° was compared with that at 24 or 


TABLE 2. — Disease development hy Macrosporiim carotae and Cercospora carotae 
on leaves of carrot at temperatures indicated 


Organism 

Temp., °C. 

Disease index 

Replication number 

Average 

1 

2 

3 

4 

Macrosporium 

16 

28 

11 

6 

10 

13.75 

carotae 

20 

53 

25 

13 

15 

26.50 


24 

51 

44 

49 

59 

50.75 


28 

55 

25 

47 

52 ■ 

44.75 

Cercospora 

16 

15 

12 

12 

2 

10.25 

carotae 

20 

24 

32 

37 

12 

26.25 


24 

41 

43 

52 

53 

47.25 


28 

42 

53 

67 

53 

53.75 

Difference required for significance (19: 1) 

15.6 


at 28°. A slight but not significant reduction in disease occurred in 3 of 
the 4 trials between 24 and 28°. Although clfforosis did not develop con- 
sistently, both diseases showed greater chlorosis at 16 and 20° than at 24 and 
28°. In general, infection by M. carotae resulted in more chlorosis than 
was the case with Cercospora carotae. 

The trends with Cercospora carotae were, in general, more clearly de- 
fined than are those shown by Macrosporiiim carotae. Disease development 
increased progressively with temperature. Significant differences at the 5 
per cent level were obtained between 16 and 20° C. and between 20 and 24°. 
The difference between 24 and 28° was not significant. 

When another series was run in which all the plants were inoculated at 
20° C., and the plants then incubated at 16, 20, 24, and 28°, the same relation 
of temperature to disease deA^elopment maintained. It may be concluded, 
therefore, that there is little or no difference to be found between the 2 fungi 
in their response to temperature as measured by spore germination, growth 
in pure culture, or in the progress of pathogenesis at constant temperature 
levels. The difference in seasonal cycles of the 2 diseases must, therefore, 
be based on other factors. 
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RELATION OF AGE OF LEAP TO DISEASE DEVELOPMENT 


It was observed during the temperature studies that Gercospora carotae 
developed most severely on the younger leaves, whereas Macrospormm 
carotae showed a preference for the older leaves. Doran and Guba (1) 
inoculated excised carrot leaves with M, carotae. After 3 weeks they ob- 
served an -average of 24 infection points on old leaves for each point of in- 
fection on young leaves. They reported that young leaves were susceptible 
to C. carotae, but apparentl^^ they did not observe that young leaves were 
more susceptible than old leaves. In this investigation, plants in the 4-leaf 
stage were used. Leaves were numbered from 1 for the youngest to 4 for 
the oldest. The results given in -table 3 show the striking difference between 

TABLE 3. — Infliieyice of leaf age upon development of carrot leaf and leaf spot 


Organism 


Leaf 
No. a 


Disease index 


Replication number 

1 

2 

3 

4 

5 

6 

6 

0 

0 

12 

19 

25 

37 

12 

31 

12 

50 

31 

56 

37 

37 

50 

37 

75 

69 1 

50 

69 

62 

87 

94 


Average 


Maerosporiwm 

carotae 


Gercospora 

carotae 


10.3 

28.8 

48.7 

71.8 


Difference required for significance (19; 1)^ 


28.0 


1 ' i 

75 

62 

75 

37 

58 

' 75 ! 

63.7 

2 1 

75 

19 

37 

31 

50 

58 : 

45.0 

3 ■ 1 

37 

19 

31 

25 

17 

42 

28.5 

4 

19 

19 

37 

25 

8 

37 

24.3 


Difference required for significance (19: 1) 


26.7 


a Leaves numbered from tlie youngest to oldest on seedling carrots, 
b The variances within treatments were homogeneous by Bartlett ’s test for homo- 
geneity. 

the 2 fuugi. M. carotae increasecV very decidedly in severity from the 
youngest to the oldest leaf -while with C. carotae the reverse -was true. 

SUMMARY AND CONCLUSIONS 

The leaf blights of carrot have been studied under controlled conditions 
to determine -what might be the underljdng causes of the striking contrast 
in season cycles of the 2 diseases. Spores of both fungi germinated over a 
■wide range of temperature with optimum for both at 28° C. Low tempera- 
ture (16° C.) retarded disease development with both, while there was an 
increase in disease index with increase in temperature with both up to 24° C. 
It is thus apparent that temperature has little to do with determining the 
early -seasonal severity ot Gercospora carotae and the late seasonal develop- 
ment of ilfacrosponttm carotae. 

When age of leaf was studied in relation to disease index, a wide contrast 
was to be found. C. carotae was most severe on young leaves, and patho- 
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genicity decreased markedly on older leaves at time of inoculation. M. 
carotae, on the contrary, was least pathogenic on young leaves and most 
severe on old leaves. This difference in the relative resistance of the host 
leaves to the 2 fungi may account in large measure for the fact that one 
disease is at its peak in mid-season when high temperature and young foliage 
favor it, while the second finds a more congenial substrate later in the season 
as more leaves approach maturity even though temperatures at that time are 
slightly less favorable. 

Depaetment op Plant Pathology, 

Univeesity op Wisconsin, 

Madison, Wisconsin. 
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PHYTOPATHOLOGIGAL NOTE 


The Nomenclature of the Broomcorn Millet Smut Fungus, — In the inter- 
ests of stability of nomenclature the Federal Department of Agriculture 
follows the International Kules of Botanical nomenclature in its publica- 
tions, This will bring about changes in a number of fungus names hereto- 
fore in common use and this is particularly true in the case of names for the 
cereal smut fungi. However, only in one instance has it been found neces- 
sary to set up a new binary name and that involves the broomcorn millet 
smut fungus, now known in American practice as Sphacelotheca panici- 
miliacei (Pers.) Bub. 

Persoon in his Synopsis Fungorum (1801), which is the starting point 
for the nomenclature of the smut fungi, lists the millet smut fungus as a 
subspecies, panici-miliacei, of his TJredo segetum, and this is the name which 
has been more commonly used as a specific epithet. However, Schlechtendahl 
in 1824 validly published Caeoma destruens as a name for this species, citing 
Persoon ’s name, and thus destruens becomes the first legitimate specific epi- 
thet available under the provisions of section 11, article 58, of the rules. It 
does not appear that transfer to the genus Sphacelotheca has been made 
previously and in order that the name may be available, the necessary new 
combination is here proposed, with pertinent synonymy appended. 

Sphacelotheca destruens (Schleeht.) comb. nov. 

TJredo segetum subsp. panici-miliacei Pers. Syn. Fung., p. 224. 1801. 

TJredo carho var. panici-miliacei DC. Flore Frang. 6 : 76. 1815. 

Caeoma destruens Schleeht. FI. Berol. 2 : 130. 1824. Link in Willdenow 
Sp, Plant. 6 (2) : 3. 1824. 

TJredo destruens Duby Bot. Gall. 2 : 901. 1830'. 

Tilletia destruens Lev. Ann. Sci. Nat. III. 8: 372. 1848. 

Ustilago panicumiliacei Wint. in Rab. Krypt. FI. 1 : 89, 1884. 

Sorosporium panici-miliacei Takahashi Bot. Mag. Tokyo 16: 184,247. 
1902. 

Sphacelotheca panici-miliacei Bub. Houby Ceske 2 : 27. 1912. 

—John A. Stevenson and A. G. Johnson, Bureau of Plant Industry Sta- 
tion, Beltsville, Maryland. 
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BASAL EOT OF TOMATO^ 


J. K.BichardsonSanb G. H. Berk el e y s 
(Aceepted for publication October 25, 1943) 

INTRODUCTION 

A hitherto nnreported fiiiig'oiis basal rot on tomatoes appeared in a green- 
lionse in the London, Ontario, district in 1936 and 1937, and in another in 
1942. Though the disease is apparently uncommon in Ontario, the fact that 
the crop may be reduced as much as 50 per cent warrants the publication of 
a report at this time, even though the identity of the causal fungus has not 
yet been established. 

SYMPTOMS OP THE DISEASE 

The first apparent symptom is a marginal chlorosis of the leaves, most 
severe at the base of the plant, and progressing upwards. Affected leaves 
become necrotic, wither and die, resulting in a premature defoliation, and 
dwarfing of affected plants (Fig. 1, B), with a distinct tendency towards 
wilting during periods of excessive transpiration. 

The foliar symptoms result from an infected stalk and root system, in 
which the cortical tissue of the basal section of the stalk and roots, especially 
the laterals, may be entirely disintegrated. On the larger roots, especially 
of older plants, are found brown necrotic lesions, and characteristic “can- 
kers” in which the cortical tissue is swollen and cracked (Pig. 1, A). In 
addition to the definite brown necrotic lesions on the roots, many infections 
appear as a brown flecking, which produces a russetting of the epidermal 
tissues. 

ISOLATIONS 

Isolations were made from lesions of all types and from roots of all sizes. 
This material was thoroughly brushed in water to remove all adhering soil 
particles, cut into pieces i to | inches long, washed in running water for at 
least 3 hours, then pressed into solidified potato-dextrose agar in culture 
dishes, and allowed to incubate at room temperature. Hyphal-tip transfers 
were made from the mycelial growth during a subsequent 2- week period in 
order to isolate as many fungi as possible. 

Over 1700 isolations were made from upwards of 700 plantings of all 
types of root lesions on plants of different ages growing in the greenhouse 
at different seasons of the year. Species of 10 identified and as many 
unidentified genera of fungi were obtained from these isolations, but those 
appearing in the largest numbers were Trichoderma spp., Fusarium spp., 
Cylindrocarpon spp., PytMum spp. and an unidentified fungus, hereafter 
designated as TR. Although the organism TE did not appear more fre- 

1 Contribution No. 755 from Division of Botany and Plant Pathology, Science Service, 
Department of Agriculture, Ottawa, Canada. 

2 Aggistant Plant Pathologist. 

3 Pafhologist-in-charge. 

; [Volume .34, Number 7, July, 1944]' 




riG. 1. A. Eoots of an infected tomato plant showing brown cankerous swelling. 
B. Typical yellowing, wilting and dying of the lower leaves of an inf ected plant. C and ih 
Seedlings growing in naturally infected soil (C) after and (B) before sterilization with 
steam. 
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quently tliaii the other species isolated, it did appear more consistently from 
the various types of plated material, thus suggesting a direct relationship 
with the disease. 

INOCULATIONS 

A series of inoculations using naturally contaminated soil, (1) in its 
original condition, (2) steamed, and (3) steamed, then inoculated with oat 
cultures of TR, were carried out at 5 constant-temperature ranges as follows, 
12-14° 0., 15-17° C., 18-20° C., 22-24° C., and 26-28° C. The artificial 
growing conditions made the foliage symptoms somewhat inconsistent, but 
an examination of the roots revealed that the disease was more severe in the 
lower temperature ranges and somewhat less pronouncd in the artificially 
inoculated than in the naturally infected soil. All control plants growing 
in the steamed soil had clean, white, healthy roots. Although typical root 
rot developed, there was an absence of the large, cracked swollen lesions 
associated with the disease under normal greenhouse conditions, suggesting 
that other organisms might be involved or that there might be a relationship 
between size of root and size of lesion. 

Accordingly, a second series of inoculations was made to test the patho- 
genicity of the 5 most frequently isolated fungi. Five isolates of each of 
these fungi were grown on sterilized compost moistened with a 2 per cent 
solution of dextrose in water. After incubation at room temperature for 
4 weeks the 5 isolates of each fungus were mixed together. In turn these 
composite cultures were mixed in all possible combinations. Small quanti- 
ties of this mixed inoculum were then added to pots of contaminated soil that 
had previously been thoroughly steamed. This procedure made a series of 
31 differently inoculated soils in addition to uninoculated steamed and non- 
steamed contaminated soil. Bach lot was divided into 4 pots, which were 
planted with tomato seedlings and kept in the greenhouse. 

Throughout the duration of the experiment no records were taken on the 
growth of the plants because at no time was the variation between the plants 
in the differently inoculated soils greater than that between replicates of a 
similarly treated group. 

Upon examination of the roots of one series of plants on June 16, 27 days 
after inoculation, it was noted that, though there was some variation in bulk 
and extent of discoloration, there was no consistent correlation between their 
condition and the inoculum the soil had received ; even control plants grow- 
ing in naturally contaminated soil had comparatively clean and healthy- 
appearing roots. The roots of a second series of plants were examined on 
July 15, 56 days after being inoculated, but again no significant variations 
could be observed. 

Final observations were taken on the remaining two series of plants on 
October 6, 109 days after being inoculated; at this time the results were 
significant. Although thei-e were few roots that showed the conspicuous 
swollen, cracked lesions, due possibly to their small size and confinement in 
the pots, there was a great variation in the number that showed browning 




Fig. 2. A to G. Boots of plants growing in the greenhouse, A in sterilized soil and B 
and 0 in nonsterilized soil. D. Boots of tomato plant in pot of steamed compost. E. 
Boots of plant grown in pot of compost steamed then inoculated with soil culture of 
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and necrosis. Eoots growing in contaminated steamed soil were white and 
fibrons with only slight discoloration (Fig. 2, D). The roots on controls 
growing in similar nonsteamed soil, however, were greatly reduced in bulk, 
the larger ones severely browned and necrotic, with most of the smaller ones 
disintegrated. 

All root systems of plants in soil inoculated with isolates of a single 
fungus other than TE, or in combinations where TE was not present, were, 
for the most part, comparable in bulk and appearance to the controls in 
steamed soil (Fig. 2, D). However, where TE had been used in the inocu- 
lum, either alone or in combination with other species, the roots were severely 
diseased (Fig. 2, B), and, in some cases, in even worse condition than those 
growing in nonsteamed contaminated soil. Keisolations of TE were ob- 
tained readily from these roots. 

These results prove not only that TE is capable of causing the disease, 
but also that it was the only species of the 5 tested that had more than a 
minor detrimental effect on tomato roots. All others were probably secon- 
dary invaders and bear no significant connection with the disease. 

description op the pathogen 

Though the causal fungus growls slowly, it can be readily isolated and 
cultured on various types of media. However, since no fruiting bodies have 
been found, identification has not yet been possible. 

In an attempt to induce sporulation, cultures have been grown on both 
solid and liquid potato, prune, Lima-bean, and corn-meal media alone and 
with varying quantities of dextrose ; malt and beef extract with and without 
peptone and potato-dextrose, and corn-meal agars with various pH values ; 
on potato plugs and stems, tomato stem and root material, in various types 
of soils and soil solutions, and on several synthetic media. Cultures were 
held at various constant temperatures at variable room and basement tem- 
peratures in light and in darkness, removed from cold to w^ann locations and 
vice versa^ and subjected to ultraviolet light for varying lengths of time. 
Both cultures and diseased roots have been exposed to drought, excessive 
moisture, freezing, alternate freezing and thawing, drying and wetting, and 
refrigeration at various stages of growth, but all to no avail. 

Failing in our attempts to identify the organism, cultures were sent to 
mycologists at Ottawa, Cornell University, and the Imperial Mycological 
Institute, England, but all reported they were unable to identify it. 

The causal fungus is a nonsporulating, dark-colored, slow-growing organism, spread- 
ing from 3 to 5 cm. on potato-dextrose agar in 10 days at 23-24° C., and covering the sur- 
face of a lO-cm. Petri dish in from 3 to 4 weeks. Aerial mycelial growth is tight-cottony, 
smooth, or slightly tufted, raised to 0.3 to 0.5 cm. above the surface of the medium, and 
light-gray, at times tinted with subdued pink. With age, the mycelium collapses to the 
surface of the culture, becoming moist and shiny. The reverse of the colony is zoned from 
a central point, and varies in color from grayish-brown to greenish-black, depending on the 
intensity of pigmentation of the medium, and is bordered by a narrow margin of light 
growd;h. Young mycelium is 2-4 p thick, sparsely branching with few septa, and has a 
tendency to form narrow strands of closely packed paralleled hyphae running through the 
thallus. With age, it becomes darker colored, coarser, from 4 to 8 ja thick, becoming very 
closely septated with constrictions mostly at, but occasionally between, the septa, giving 
the appearance of chains of irregularly shaped, thin-wmiled ehlamydospores. 
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CONTROL 

Though it was known that sterilization of the soil by steam was effective 
in controlling basal rot (Fig. 1, C), it was cle-sirable to test the effect of disin- 
fection by chemicals, since steam is not available for sterilization purposes 

in all greenhouses. . 

Accordingly, the soil in a section of the laboratory greenhouse was inocu- 
lated by mixing with it a quantity of the contaminated soil trom a green- 
house in London, Ontario. A test tomato crop grown in this mixed soil 
became severely affected with hasal rot, indicating successful inoculation of 

the soil. . ' , . . ■ 

Accordingly, areas 8x9 feet were treated with steam, chloiopicrin, and 

Formalin, respectively, while a section twice as large was left untreated as 
a control. The chloropicrin was applied with a Larvajeetor in dosages of 
2i cc., 6 to 8 inches deep and 10 inches apart, and Formalin was used 1 part 
in 50, at the rate of | of a gallon to each square foot of soil. After treatment 
with Formalin, the soil was covered for 3 days Avith moist paper, while a 
gas-proof paper was placed over the chloropicrin-treated soil for a similar 
period. At the time of treatment the temperature of the soil at a depth of 
4 inches was 76° F. After the prescribed elapsed time, tomato plants of the 
Grand Bapids variety were planted in all plots, and records were taken as to 
height and crop. In all, 22 pickings were made betAveen June 23 and August 
12, 1941, as recorded in the following table. 


TABLE 1 . — Yield of tomatoes June to August j 1941 


Treatment 

No. of plants 

Weight of fruit 
in pounds 

Weight per 
plant 

Steam 

Chloropicrin 

Bormalin 

Untreated 

14 

14 

14 

28 

149 ’ 

139 

143 

154 

' 

10.6 

9.9 

10.2 

5.5 

When harvesting commenced, the plants in the untreated section were 


mucii SmtlllCi, XXX. 7 

liii section were 6 to 8 inches shorter than the plants in the steam and chloro- 
picrin-treated areas. An examination o£ the roots showed no visible signs of 
the disease in the steam- or chloropicrin-treated soils (Fig. 2, A), whereas a 
trace was present in the Formalin-treated soil, and severe infection in the 
untreated control (Fig. 2, B and C). 

After this crop had been harvested, the plants were removed, and the soil 
from all plots was thoroughly intermixed. In the fall of 1941 the experi- 
ment was repeated, using similar steam and Formalin treatments; but the 
chloropicrin injections were reduced from 2i to 2 cc., and the gas was re- 
tained in the soil by keeping the surface of the soil wet for 3 days, instead of 
using the special gas-proof paper covering. 

Though the plants were smaller in this experiment, the disease on the 
various plots was similar to that found in the first test. The average yield 
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TABLE 2.— Yield of tomatoes from 18 pickings extending from Felruary 12 to May 
1, 1942 


Treatment 

No. of plants 

Weight in pounds 

Weight per plant 

Steam 

15 

40.5 1 

2.7 

CMoropicrin 

15 

48.0 

3.2 

Eormalin 

15 

39.0 

2.6 

Untreated 

20 

24.0 

1.2 


from, the two experiments covering a fall and a spring crop was 6.6 lb. per 
plant for steam sterilization, 6.5 for chloropicrin, 6.4 for Formalin, and 3.3 
for the untreated control. 

These results clearly indicated not only that basal rot reduces the yield, 
but that it can be satisfactorily controlled by soil sterilization with steam, 
chloropicrin, or Formalin, though Formalin is apparently the least effective 
of the three. • 

SUMMARY 

A hitherto unreported basal rot of greenhouse tomato, caused by an 
unidentified fungus has been found in the vicinity of London, Ontario. 

Isolations and inoculations have proved the pathogenicity of the causal 
organism. 

The symptoms of the disease, consisting of defoliation of the lower leaves 
and a cortical rot of stalk and roots, and a description of the pathogen are 
given in detail. 

The disease, which may reduce yield as much as 50 per cent, can be con- 
trolled by soil sterilization with steam, chloropicrin, or Formalin. 

Department op Agriculture, 

Ottawa, Canada. 



THE UNIMPORTANCE OP TOMATO SEED IN THE DISSEMI- 
NATION OP VERTICILLIUM WILT IN CALIPORNIA^ 

B . A. Eudolph- 
( Accepted for publication January 14, 1944) 

Verticilliiim wilt of tomatoes was first reported in California by Hudolph 
(6) in 1926. He also advanced proof (6, 7) that certain other diseases so 
troublesome in the State, namely, ''blue stem’' of raspberries and "black 
heart” of stone fruits, are of identical origin and readily intercommuni- 
cable. That the disease, caused by the soil-borne fungus Verticillium allo- 
atnim R. and B., was not recognized in tomatoes in California at an earlier 
date by other workers may be attributed, in all probability, to the fact that 
its symptoms are so similar to those of Fusarium wilt, already established 
and well known in the State, that it was simply mistaken for it. Subsequent 
studies showed that most of the so-called Fusarium wilt in the central coastal 
counties of California, particularly in the San Francisco Bay Region, is actu- 
ally Verticillium wilt, also that true Fusarium wilt ordinarily is of little eco- 
nomic importance there. The latter has been shown by Shapovalov and 
Lesley (8) to constitute a serious problem in other isections of California, 
however, including several coastal counties where both fungi may prove 
equally destructive in the same field and even in the same plants (10). 

In 1939, Shapovalov and Rudolph (9) briefly described the Essar,^ 
a Verticillium-wilt-resistant canning tomato produced at the University 
of California Deciduous Fruit Field Station at San Jose, with the financial 
assistance of and at the request of the Canners League of California, «which 
organization had come to recognize the seriousness of the disease in the 
San Francisco Bay Region and attributed to it much of the decline in 
tomato production there, both from the standpoint of quantity and quality. 

Not only canners but growers and seedsmen alike became interested in 
this seemingly new disease, especially the latter, since seed production is 
an important industry in California. Because of the suddenness with which 
all classes of tomato growers became aware of the prevalence of Verticillium 
wilt virtually everywhere in the State, it was only natural that the question 
should arise as to what role, if any, the seed plays in its transmission. 

In 1932, experiments designed to throw light on the problem were 
started at the Deciduous Fruit Field Station at San Jose and concluded 10 
years later. In 1934, Kadow (2) published the results of similar experi- 

1 Eeceived for publication January 4, 1944. Mueb of tlie work reported in this paper 
was done under Work Projects Administration, Projects 50-1 859-— 50-11992— 50-12456-B. 

2 Associate Plant Pathologist in the California Agricultural Experiment Station. 

3 A technical description of the Essar tomato, together with data covering canning 
tests made annually for five years by the Canners League of California as well as physical 
and chemical tests made by the National Canners Association has been written but never 
published. These data show that in addition to its greater resistance to Verticillium 
wilt, the Essar very definitely excels the Early Santa Clara Canner, the variety xnost 
commonly used in California for canning, in the production of solid pack’^ and other 
better grades of canned tomatoes. 
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ments from which he concluded (2, 3) the disease to be seed-borne. Because 
his results were at such great variance with those already obtained here, and 
because no other reports of similar work have appeared, it was considered 
inadvisable to discontinue the experiments until there could no longer be 
any reasonable doubt, under California conditions at least, as to whether 
the seed actually can constitute a real factor in the dispersal of the parasite. 

THE PLAN OF TPIE EXPERIMENTS 

Except for certain changes and simplification of technique described 
farther on, expedient to the production of a greater number of cultures, the 
general plan of the experiments was as follows : 

In the fall, a representative sample, or even the entire crop, of sound, 
ripe tomatoes produced on one or more plants in the most advanced stage 
of Verticillium wilt^ 'were clipped from the vines. The plants themselves 
were also dug up and cultures made from the main stems to prove the 
presence of the parasite. The routine procedure consisted of scrubbing a 
section of the main stem of each plant with a brush, disinfecting the same 
by immersing it in a mercuric bichloride solution 1/1000 for 5 minutes, 
after which it was washed with sterile distilled water, the usual precautions 
to insure asepsis being taken at all times. Plantings taken from the dis- 
colored vascular system were made in Petri plates of Czapeck’s agar slightly 
acidified with lactic acid to suppress bacterial growth. At the same time, 
cultures were also made from the receptacles of each fruit, gi^eat care being 
taken in working them free by hand not to tear the flesh at the point of 
attachment to the tomato. Each receptacle w^as then clipped from the 
peduncle at the node, scraped with a scalpel to remove dead cuticle and 
dirt adhering to it, scrubbed with a brush and disinfected in the manner 
described. Then the receptacle and shoi^t length of peduncle attached to 
it were cut into 3 or 4 sections with flamed instruments and planted in a 
Petri plate of slightly acidified Czapeck’s agar. 

Each fruit was lightly sponged with a very weak solution of iodine in 
95 per cent ethyl alcohol after which a conical plug, which included the 
point of stem attachment and most of the core, was cut out with a flamed 
scalpel. Three or 4 transverse sections of this plug were sliced off and 
placed in a Petri plate of slightly acidified Czapeck^s agar. This phase of 
the experiment was designed to show to what extent the fungus, having 
reached the receptacle, is capable of invading the vascular system of the 
fruit, which is highly developed in the core. The tomatoes from which the 

4 In experiments eondiieted at tlie Deciduous Fruit Field Station to determine tlie 
relative resistance of many well-known varieties of canning and market tomatoes as well 
as hybrids of the same to Verticillium wilt, large numbers of plants are artificially in- 
fected as follows : 

At the time the young plants are set in the field, a maximal slant culture of 
Verticillium aVbo-atrum B. and B. grown on Czapeck^s nutrient agar in standard culture 
tubes, I inch outside diameter and 6 inches in length, is scraped into the hole in direct 
contact with the roots of each. A 2% agar is used to make the medium tough and to 
facilitate its easy removal from the tubes. The fungus grows well upon Czapeek's agar 
and produces its micro -sclerotia over the entire surface in a continuous or unbroken crust. 
The test is severe, and few plants inoculated in this way escape infection. 
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cores had been removed, properly identified, were kept in sterilized jars in 
an electric refrigerator pending the outcome of the cultures. 

Finally, cultures were made from the seed of each tomato, the core of 
which had yielded Verticillkm in culture. Bach fruit was squeezed gently, 
and as the seeds oozed out of the cavity made by the removal of the core, 
they were picked up with sterile forceps and planted in slightly acidified 
plates of Czapeek’s agar, usually 8 seeds to a plate. 

A minimum of 3 weeks was allowed to elapse from the time any culture 
was made until it was discarded it Vert icillium had not developed earlier. 

Results Obtained in 1932, In Table 1, the results obtained with the 
technique described above are given. A record was made of the discolora” 
tion observed, if any, in the vascular system of the receptacle and the core. 
All plants were sever el}^ diseased, and the fungus had been isolated from the 
main stems. 

In this preliminarj’^ experiment no count of the seed cultured was made, 
but it must have been considerable. Most of the seed germinated vigorously 
in the plates without evidence of a fungus of any kind being present. 


TABLE 1. — Results ohtamed in 193£ from cultures made from the receptacles, cores 
and seed of tomatoes produced on vines severely diseased until Veriicillium wilt 


Variety 

No. of 
diseased 
plants 

Total 

fruit 

cultured 

Total 

receptacles 

infected 

with 

Verticillium 

Total 

receptacles 

discolored 

Total 

1 cores 
infected 
with 

Verticillium 

Total 

cores 

discolored 

1 , , 

Total no. 

1 of seed 
yielding 
Verticillium 

Hybrids 

14 

: ' 287 ' 

44 

40 

7 

71 

0 


Hundreds of the tiny plants were crushed or cut in half in the plates with 
sterile scissors and pressed deep into the agar to induce the fungus to estab- 
lish colonies there if it were present in the vascular system. The fungus 
never appeared. 

The experiment reported above quickly showed no relation to exist be- 
tween the discoloration in the receptacle and the core- both may be dis- 
colored in the same fruit, or possibly the receptacle alone may show dis- 
coloration and the core none. And vice versa. It will be noted that there 
was vastly more discoloration observed in the cores than in the receptacles. 
This was probably due, in part at least, to the fact that the considerable size 
and whitish color of the circular discs of core tissue transferred to the plates 
made any discoloration present easy to detect, whereas the dark green and 
small size of the receptacles made it more difficult or uncertain. It was 
observed that discoloration became more pronounced in the sections of core 
tissue with passing time, possibly due to oxidation. Often neither receptacle 
nor core showing pronounced discoloration yielded the fungus in culture, 
which is in line with the observations of several workers who have noted 
that the discoloration of the vascular system of plants aifeeted with Verti- 
eillium wilt may precede the actual invasion of the tissue by the fungus 
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TABLE 2.— Results obtained in 19^^ from cultures made from the seed of tomatoes, 
the receptacles of which were infected with VerticilUmn 


Value ty 

No. of 
diseased 
plants 

Total 

receptacles 

infected 

with 

V erticillium 

Total no. 
of seed 
cultured 

1 

Total no. 
of seed 
yielding 
Verticillium 

Break 0 ’Day 

3 

7 

1202 

1100 

0 

0 

Hybrid 

5 

5 





(4, 5). Occasionally, Alternaria sp. was isolated from tlie sections of dis- 
colored core tissue. 

When it became apparent that no correlation existed between the dis- 
coloration of the receptacle and core, the plan of the experiment dnring the 
balance of the year was simplified; cores were no longer removed from the 
fruit, but cultures of the seed were made from all tomatoes, the receptacles 
of which had yielded VertmUixim in culture. A count of the seed cultured 
also was made (Table 2). 


TABLE 3. — Eesults ohtained m 19S3 from cultures made from the receptacles, cores 
and seed of tomatoes produced on vines severely diseased with V’erticillinm wilt 


Variety 

No. of 
diseased 
plants 

Total 

fruit 

cultured 

Total 

receptacles 

infected 

Total 

cores 

infected 

Total 

seed 

cultured 

Total no. 
of seed 
diseased 

Hybrids i 

10 

64 

18 

1 

1121a 

1 


a Erom 9 small fruits. Time would not permit of culturing the seed of the remaining 
9 with infected receptacles. 


Again, it was observed that much of the seed germinated normally. 
Neither the seed nor the young plants clipped in half or crushed yielded 
Yerticillium when pressed deep in the agar. 

Results Obtained in 1983. Cultures were made from the main stem, 
receptacle, core tissue, and the seed in the manner described (Table 3). 

It will be observed that one seed cultured in 1933 yielded Verticillium. 
Results Obtained in 1936. After a lapse of 3 years the work was resumed. 
Cultures were again made from the main stem, receptacle, and seed from 
those tomatoes, the receptacles of which had yielded Yert milium in culture. 
None of the seed cultured yielded Yerticillium (Table 4). 


TABLE 4. — Eesults ohtained in 1936 from cultures made from the receptacles and 
seed of tomatoes produced on vines severely diseased with Verticillium wilt 


Variety 

No. of 
diseased 
plants 

Total 

fruit 

cultured 

Total 

receptacles 

infected 

Total 

seed 

cultured 

Total 

seed 

yielding 

V erticillium 

Hybrids 

15 

41 

3 

193a 

0 



a Erom only 2 of the 3 fruits with diseased receptacles. 
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TABLE 5. — Ee suits obtained in 1940 from cultures of seed of tomatoes^ the recep- 
tacles of which were infected with VerticilUum. Also the total seed count of tomatoes 
produced on the same plants, the receptacles of which were not infected 


Variety 

No. of 
plants 
infected 
with 

Verticillium 

Total 

fruit 

studied 

Total 

receptacles 

infected 

i 

Total 

seed 

cultured 

from 

fruit 

with 

infected 

receptacles 

■ 

Total 
no. of 
diseased 
seed 

Total 

seed 

count 

from 

fruit 

with 

healthy 

receptacles 

Pearson 

5 

79 

0 

0 : 

■■ 0 1 

21,117 

Essar 

2 

38 

0 

0 

0 

8,098 

Early Santa 
Clara Canner 

i 3 

51 

1 

245 

0 

11,504 

San Marzano ... 

. 13 

310 

0 

0 

0 

20,056 

Break O’Day ... 

31 

457 ' 

3 

465 i 

0 

84,916 

Total 

54 

935 

4 

710 

0 

145,691 


Results Obiamed in 1940. After a lapse of 4 years the experiment was^ 
resumed on a veiy large scale made possible by the Work Projects Adminis- 
tration, which organization furnished laboratory technicians to assist with 
the work. Never less than 2 and as many as 4 men and women, trained by 
the writer to make cultures, were kept steadily on the job from the beginning* 
of the harvest season until frost had destroyed the vines at the Deciduous. 
Fruit Field Station. Then the work was continued with tomato plants and 
fruit brought from Salinas in Monterey County, where milder temperatures, 
ordinarily prevail, until frost eventually destroyed the vines there, also. 
Cultures were made from the seed of all tomatoes, the receptacles of which 
had yielded Verticillium in culture. Counts were made not only of the seed 
cultured, but also of all other seed produced on the same plants by tomatoes,, 
the receptacles of which had not yielded Verticillium in culture. Such seed 
necessarily must have been healthy. The counts were made simply tO' 
determine the total seed production of the diseased plants at the time they 


TABLE Q.—Besults obtained in 1941 from cultures of seed from tomatoes, the recep- 
tacles of which were infected with Verticillium. Also, the total seed count of tomatoesr 
produced on the same plants, the receptacles of which were not infected 


Variety 

No. of 
plants 
infected 
with 

V erticillhm 

Total 

fruit 

studied 

Total 

receptacles 

infected 

Total 
; seed 

1 cultured 
from 
fruit 
with 
infected 
receptacles 

Total 
no. of * 
diseased 
seed 

Total 

seed 

count 

from 

fruit 

with 

healthy 

receptacles 

Essar 

1 

17 

0 : 

0 1 

0 

2,126 

Hybrid 

4 

56 

1 

210 

0 

14,389 

Break 0 ’Bay 

37 

920 

94 

21,810 

1 

197,605 

Essarya 

21 

472 

4 

422 

0 

68,284 

Total 

63 

1,465 

99 

22,442 


282,404 


a The Essary tomato, definitely susceptible to wilt, produced by the* 

Tennessee Agricultural Experiment Station (1) is not to be confused with the Essar, a. 
resistant variety produced by the University of California. 
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were dug. All plates were read under the microscope by the writer. The 
results are given in table 5. Verticillium did not develop in culture from 
any of the 710 seed. 

BestiUs Obtained in 1941. In this, the closing* year of the experiment, 
exactly the same technique used in 1940 was employed. Again the cultures 
were made by assistants furnished by W.P.A. The results are given in 
table 6. 

As seen in table 6, one seed among the 22,442 cultured yielded the fungus. 

DISCUSSION 

During the course of the experiments reported in this paper a minimuim 
of 26,768 seed from 180 tomatoes, the receptacles of which had been proved 
to be infected, were cultured, and of these only two seeds yielded Verticil- 
lium; one in 1933 (Table 3), and one in 1941 (Table 6). A total of 164 
plants of 5 varieties and sever aLbybrids representing extremes in resistance 
to the disease were used, including the Break O’Day (most susceptible), 
Essar (least susceptible), Pearson, Early Santa Clara Canner, Essary, and 
San Marzano, but most of the work was done with the Break O’Day, pur- 
posely raised for use in the studies because of its pronounced susceptibility. 

Sight must not be lost of the fact that the 26,768 seeds cultured from 
180 tomatoes during the entire experiment did not represent the total 
seed production of the plants from which they were taken. Cultures were 
actually made from 2,792 receptacles of tomatoes from the same plants, but 
when they were found to be healthy, it was considered useless to culture the 
seed. Thus, the seed of those tomatoes whose receptacles were infected, rep- 
resented only a relatively small portion of the total seed production of the 
plants. To further illustrate : in 1941, 63 seriously diseased plants produced 
99 tomatoes whose receptacles were infected, and therefore, might reason- 
ably have been suspected of containing diseased seed. These tomatoes pro- 
duced 22,442 seed, only 1 of which yielded Verticillium in culture. The 
other seeds were healthy in every way, judging by the rapidity and vigor 
with which the great bulk of them germinated in the plates. But these same 
plants had 1,465 tomatoes on them at the time they were dug, the receptacles 
of which were not infected, and toward which no doubt could possibly be 
cast on the health of the 282,404 seeds they contained; if the fungus had 
not reached the receptacles, it goes without saying it could not have infected 
the seed of the fruit borne on them. Therefore, out of a total of 304,846 
seeds produced by the 63 seriously diseased plants at the time they were 
dug, only 1 single seed was involved. The ratio between the diseased and 
healthy seed is such that the factor of possible seed transmission of the 
disease is utterly negligible and of no economic importance. 

All of the data cited above were compiled from experiments with seed 
produced by seriously diseased plants. Tomato seed is produced eommer- 

5 A Tni nirnmn figure, siucG uo record was kept of the iiuxnber of seed cultured iu pre- 
liminary stages of the work. 
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cially from healthy plants rather than diseased as far as possible ; conse- 
quently the ratio in eomniercial seed between the healthy and diseased, 
might \osieally be expected to be vastly more extreme than that found in 


the experiments reported here. . 

There can be no doubt that in exceedingly rare instances the fungus 
can ascend the vascular threads as far as the seed, but whether on the two 
occasions reported in this paper it actually parasitized the seed is not known 
for the following reason. Each tomato seed is embedded in a gelatinous 
matrix through which runs the exceedingly fine, delicate, almost translucent 
vascular thread or funiculus that connects the seed with the placenta. Con- 
siderable lengths of this vascular thread, often exceeding that of the seeds 
themselves, remain in the jelly surrounding the seeds when they are removed 
from the tomato experimentally or in commercial extracting processes. 
Thus the fungus, in the two instances reported in this paper, actually maj 
not have reached the seed at all, but rather have been confined to the short 
length of vascular thread adhering to it. If so, in the fermenting process 
by which tomato seed is prepared commercially for the tra,de, this gelatinous 
substance, together with the vascular elements contained in it, would slough 
off taking the parasite with it and leaving the seed as healthy as any other. 
Neither of the two seeds with which the fungus was associated in culture 
germinated, which suggests that they were parasitized and killed. It is 
barely possible that had the seeds been kept longer they might have germi- 
nated, but in the writer’s opinion this is doubtful. YerUcillium rapidly 
developed in the cultures and enveloped the seed in typical colonies. 

AggnmiTi g the seeds actually to have been parasitized and killed,^ then 
they could not have produced plants the following spring and, accordingly, 
could constitute no menace. Then again, assuming the seed to have been 
parasitized without being killed, there is no assurance the fungus itself 
would survive the winter to attack the germinating plants the following 


Kadow (2) has reported experiments in which he found as much as 56 
per cent of the tomato seed he worked with to yield Verticillium in culture 
and from which he concluded the disease to be seed-borne (2, 3). ^ "Why the 
results reported in this paper are at such great variance with his is hard 
to explain. The writer respectfully submits the suggestion, however, that 
final proof that the disease is seed-borne rests on germination studies with 
such seed in the spring following infection to determine whether (1) the 
seed is viable, and (2) any of the plants produced of such seed in sterilized 
soil develops Verticillium wilt. By such experiments alone can it be deter- 
mined definitely that the use of infected seed constitutes a hazard. 

In the light of the considerable data presented in this paper, tomato seed 
extracted from fruit produced by vines affected with Verticillium wilt must 
be regarded as safe to use. The question arises as to how the disease is 
disseminated. Verttciiimm albo-atrum and its related forms are known to 
attack over 200 widely unrelated plants including stone fruits, bush fruits. 


1944] Eudolph : Yerticillium Wilt and Tomato Seed 629 

pome fruits, truck crops, field crops, ornamentals and weeds. Once intro- 
duced into the soil through the medium of diseased cuttings, nursery stock, 
etc., the fungus may be expected to attack any of the other susceptible 
plants that may be present or even live saprophytically on plant debris, 
manure, etc. That the very unsanitary custom of disking under old tomato 
vines at the close of the season to increase the humus content of the soil is 
fraught with danger and provides an excellent means of increasing the 
fungus in the soil is seen in the following observation. 

At the Deciduous Fruit Field Station an employee made the mistake of 
raking dead, artificially infected, tomato vines, that had been grown for 
the first time on the soil, over a wooden barrier on to adjoining healthy soil 
where he stacked them in piles and burned them. Then he disked the ashes 
into the soil. The writer examined the sites of the bonfires and determined 
that many fragments of the main stems and heavier branches had withstood 
burning and were either disked under completely or left partially pro- 
truding from the soil The following spring Harold B. Thomas, a staff 
member conducting extensive strawberry investigations at the Station, 
planted a bed of strawberry plants in the hitherto healthy soil. Along the 
barrier, particularly in the spots where the tomato vines had been burned, 
and at no other place, the strawberry plants developed Yerticiliium wilt. 
The incident established beyond all doubt the ease with which the fungus 
may be introduced into healthy soil by unsanitary cultural practices. In 
this same way infective debris might easily be transported on farm ma- 
chinery or implements from one piece of ground to another. 

The writer does not wish to infer dissemination of the disease by the seed 
to be impossible, but rather, highly improbable. At least, such dispersal 
must be regarded as utterly insignificant and of no economic importance in 
comparison with the other means briefly referred to here. 

SUMMARY 

Experiments were conducted during five different seasons over a period 
of 10 years to determine whether tomato seed produced on vines severely 
attacked by Yerticillium wilt might harbor the fungus. The receptacles 
of 2,792 tomatoes produced on 164 severely diseased plants were cultured 
but only 180 were found to be infected. More than 26,768 seeds, taken 
directly from these 180 tomatoes with diseased receptacles, were cultured. 
Only 2 seeds yielded the fungus. The plants used consisted of several 
hybrids and the following varieties: Pearson, Break O^Day (most suscep- 
tible), Essar (least susceptible), Essary, Early Santa Clara Gamier, and 
San Marzano. The total seed cultured represented a relatively small num- 
bei’, only, of the total seed produced by these same plants, since most of the 
tomatoes were borne on receptacles which did not yield VerUoiUmm in cul- 
ture and, accordingly, must have been healthy. 

The experiments revealed no significant relation between the discoloration 
of the vascular system in either the receptacle or the corej both may be dis- 
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colored in the same fruit, or possibly the receptacle may show discoloration 
and the core none. And vice versa. 

The great bulk of seed produced by diseased plants germinated readily 
and produced healthy plants in the culture plates. Large numbers of these 
plants were either crushed or cut in halves with sterile scissors and pressed 
back into the agar to enable the fungus, if present in the vascular s.ystem, to 
establish colonies. None developed. 

The fact that two seeds yielded Verticillmm in culture did not neces- 
sarily prove them to be infected, since in each instance the fungus may have 
been confined to the funiculus embedded in the gelatinous matrix that sur- 
rounds each tomato seed. If so, the ordinary fermentation process by which 
tomato seed is prepared for the trade would rid the seed of the gelatinous 
envelope, the funiculus, and the fungus contained in it. Neither of the two 
seeds germinated, which might indicate that they had been parasitized and 
killed. If so, they could have constituted no factor in the dissemination of 
the disease when planted. Assuming the seed to have been parasitized but 
not killed there is no assurance that the fiing'us would live over winter to 
attack the young seedlings the following spring. 

The writer does not wish to infer that seed cannot become infected and 
actually transmit the disease but, rather, considers it to be highly improbable 
and certainly of no economic importance. Other means of dissemination are 
discussed. 
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CHALARA QUERCINA N. SP., THE CAUSE OP OAK WILT^ 

B. W. Heney 

(Aecei)tecl for i^ublicatioii November 19 , 1943 ) 

INTRODUCTION 

Oak wilt is probably the most important disease of oak trees, particularly 
of Querciis horealis Mielix, (red oak) and Q. veluiind Lam. (black oak), in 
Wisconsin and neighboring States. It is characterized by wilting and death 
of the foliage, followed nsnally the same year by death of the tree. The 
symptoms of the disease and proof of the pathogenicity of the causal fungus 
have already been given (2). The description of the pathogen is the pur- 
pose of the present paper. 

THE PATHOGEN 

Macroscopic Cultural Characters 

The macroscopic characters given, unless stated otherwise, are of 1-week- 
old cultures grown on 2 per cent malt agar‘^ in Petri dishes at 25° C. The 
aerial mycelium was fluffy, 1-3 mm. high, and light gray (3, Plate 2, A 1) 
to olive-green (3, Plate 15, L 4) in color by reflected daylight. Occasionally 
present were raised patches of tan mycelium on which were droplets of 
clear to amber-colored liquid, which sometimes contained suspended conidia. 
The surface and sub-surface mycelium was hyaline to olive- green by trans- 
mitted daylight. Through the bottom of a Petri dish a culture appeared 
darkest toward the center with irregular areas and/or radiating lines of 
olive-green mycelium toward the hyaline margin. The margin was entire 
or nearly so. As the cultures aged, the tan color often became more pre- 
dominant, the mycelium more appressed, and sclerotia often appeared. 
Loosely knit, irregularl}’' shaped, tan to black sclerotial masses up to 2.5 cm. 
in diameter were observed in 3-month-old cultures in 6-oz. bottles. Cultures 
1 to 3 weeks old had a characteristic odor suggesting old apple cider. 

The diameter of 1-week-old cultures growing directly from chips of dis- 
eased wood varied from 1 to 2.5 cm. (Fig. 1, A). First transfers from such 
cultures wex^e 1,8 to 3.2 cm. in diameter at a like age. The optimum tem- 
perature range for growth was 2^28° C. on coim-meal, nutiuent-dextrose 
and 2 per cent malt agars.® Slight growth appeared in 2 weeks time at the 
extremes of 8° and 32° C. 

1 Published with the approval of the Director of the Wisconsin Agricultural Experi- 
ment Station, Acknowledgment is given to the Wisconsin Conservation Department for 
cooperation and encouragement in these investigations. 

2 The malt agar consisted of 20 g. Trommer's malt extract, 18 g. shredded agar, and 
distilled water to make 1 liter. 

3 The corn-meal agar contained 60 g. yellow corn meal, 15 g. shredded agar, and 
distilled water to make 1 liter; the nutrient dextrose as given in Biker, A. J., and Biker, 
Begina S., Introduction to Besearch on Plant Diseases, 116 pp., John S. Swift Co., Inc., 
St. Louis, Chicago, New York, Indianapolis, 1936 j the 2 per cent malt agar as given in 
footnote 2. 
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Pew variations appeared in different isolates as they grew from chips 
of diseased wood or in the first transfer from these original isolations. In 
such cultures the fungus was readily identified by macroscopic characters. 
As the isolates were kept in stock at room temperature, however, and as 
masses of mycelium were transferred to fresh malt or nutrient-dextrose agar 
slants every 3 to 6 months, variations occurred in the color of the mycelium, 
in the rate of growth, and in the amount of sporulation. Over 100 isolates 
from a like number of naturally infected trees were carried in stock for vari- 
ous periods of time. Six of these isolates, obtained in 1941, were proved 
pathogenic in 1942. By April, 1943, after they had been in stock in 6-oz. 
bottles almost 2 years, they all differed from the ^^normar’ type by having 
a white mycelium, faster growth rate, and very few conidia. They could no 
longer be identified by their macroscopic characters, though the method of 
sporulation and the spore characters were unchanged. The change in col- 
ony type did not occur in all isolates simultaneously, nor in like manner. 
Some changed to the ‘‘white’’ type after 2 or 3 transfers (6 months to a 
year) and others not until later. The “white” type sometimes appeared 
first as a sector in an otherwise “normal” colony, and sometimes a trans- 
plant from a “normal” colony would give rise directly to the “white” type. 
When the “white” appeared as a sector in a colony, transplants from the 
‘ ‘ normal ’ ’ portion gave rise to either ‘ ‘ normal ’ ’ or ‘ ‘ white ’ ’ colonies. There 
has been no clear ease of the “white” type reverting to the “normal.”’ 
Pathogenicity was not necessarily lost by the change to “white” type, 
because the only “white” isolate used for inoculation produced disease 
symptoms and was reisolated without color change. 

Microscopic Characters 

The hyphae were subhyaline to brown, septate, branched, and 2.5-6 [x in 
diameter. Sporulation Avas usually abundant in cultures 2-3 weeks old. 
The conidiophores Avere subhyaline to brown, septate, simple or branched, 
2.5-5 p in diameter, and often tapering slightly toward the apex (Pig. 1, 
C-H). The conidia were hyaline, continuous, cylindrical, truncate at each 
end, 2-4.5 x 4-22 p (mean 3 x 6.5 p), endogenous and catenulate (Pig. 1, 
B-H). They were borne in the terminal cell of a conidiophore and in arti- 
ficial culture nearly always adhered end to end to form long chains (Pig. 
1, C, B, P, H). Eighty-six spores were counted in one chain and undoubt- 
edly other chains contained more. In 3 cultures, spores were seen clustered 
about the apex of the conidiophore to form an irregular head; these were 
rare exceptions, however. Three cases of spores emerging from conidio- 
phores were observed in a water mount. A spore would slowly (20 minutes 
to several hours) move outward until about half its length protruded, and 
then would suddenly pop out and lie free beyond the neck of the conidio- 
phore. Spores that emerged in water did not of ten remain together to form 
ehains. 

Germination of the spores was observed in distilled water and in 1.25 
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per cent and 2.5 per cent malt solutions at 16, 20, 24, 28, and 32 degrees C. 
The highest germination was 93 per cent at 24° C. after 14 hours in the 1.25 
per cent malt solution. The optimum temperature for germination in both 
solutions and the water after 14 hours was 24° C. Percentage of germina- 
tion at all temperatures and time periods was lowest in the distilled water. 
The spores germinated by a single germ tube, usually arising at one end of 
the spore, or by two germ tubes, one from each end of the spore. If allowed 
to remain in the water or malt solutions, the germinated spores gave rise to 
secondary endogenous spores. The secondary spores often were borne soon 
after germination of the primary spores, with the germ tubes of the latter 
converted into conidiophores. 

After 1-3 days in the water or malt solutions the germinated primary 
spores and many of the secondary spores were large (10-20 jj in diameter) 
globular bodies that no longer resembled the normal spore type. The 
swollen’’ appearance of the secondary spores was not evident, however, 
until after their emergence from the conidiophores. This ‘‘swollen” type 
of spores was found a few times in cultures about 2 weeks old. In every 
case they were found at the lower edge of agar slants where the margin of 
the colony was in contact with water of condensation. Several of these 
“swollen” spores were individually isolated, transferred to malt agar, and 
in every ease produced cultures that were macroseopically and microscopi- 
cally like those from normal spores. 

The oak-wilt pathogen has not been found sporulating in nature, but it 
has been grown aseptieally on living and dead oak wood in the laboratory 
and there produced spores and hyphae of the same size and type as those 
formed on agar. Numerous attempts were made to induce the formation 
of a sexual stage, but all failed. 

Taxonomy^ 

The oak-wilt pathogen apparently belongs in the genus Chalara Corda 
of the Dematiaceae. Four species, C. affinis Sacc. and Berl. (5), G. fusidi- 
oides Corda (C, longior Sacc.) (4), C. heterospora Sacc. (5), and C. setosa 
Hark. (1, 6), have been described with oak as the habitat. The first 3 
species were described as inhabiting dead oak wood, while the last was inhab- 
iting dead oak leaves. None were reported as pathogens. The 4 above 
species also differ, respectively, from the oak-wilt pathogen as follows: C. 
affinis has the conidiophores in fascicles and narrow spores (10-12x 2 jj) ; 
C, fusidioides (0, longior) has distinctly flask-shape conidiophores, narrow 
hyphae (2.5-3 [j), and long, narrow spores (18-20 x 2 p) ; C, heterospora 
1-3 septate conidia; and 0. setosa has 1 septate conidia. Thus, on the basis 
•of the brief descriptions available, the wilt organism does not seem to belong 
to any of the known species ot Chalara, The name Chalara quercina n. sp. 
is, therefore, proposed. 

4 Acknowledgment is made to Br. M. P. Backus, University of Wisconsin, and Mr. 
Boss W. Davidson, Bureau of Plant Industry, Soils, and Agricultural Engineering, United 
States Department of Agriculture, for assisting in the taxonomic work. 
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Technical Description® 

Chalara (luercina n. sp. Mycelial mat fluffy, 1-3 mm. high, wliite, becoming gray to 
olive-green witli occasional patches of tan; sterile hyphae septate, branched, sub-hyaline 
to brown, 2.5-6 p, in diameter; selerotia, sometimes present, tan to black, loosely knit, 
irregular in shape, up to 2.5 cm. in diameter ; conidiophores not sharply differentiated from 
sterile hyphae ; spore-bearing cells terminating long or short branches, sub-hyaline to 
brown, often tajlering slightly toward the apex, 2.5-4.5 x 20-40 p,; conidia 2-4.5 x 4-22 p, 
endogenous, hyaline, cylindrical, truncate at each end, continuous, catenulate. 

Habitat: In roots, stems, branches, and leaves of living oak trees (Quercus alba L., 
Q. borealis Michx., Q, coccinea Muench., Q. macrocarpa Michx., and Q. vehotina Lam.) in 
Illinois, Iowa, Minnesota, and Wisconsin, U. S- A. 

Chalara (lUercina n. sp. Mycelium in culturis tegetieulam mollem 1-3 mm. altam 
formans, primo albam denique griseam vel olivae eolore, quondoque passim brunneo-sub- 
flavam; hyphis sterilibus septatis, ramosis, sub-hyalinis vel brunneis, 2.5-6 p erassis; 
sclertiis aliquando extantibus brunneo-subflavis vel atris, laxe f ormatis, forma ineerta, ad 
2.5 cm. latis ; conidiophoris hyphas steriles simulantibus ; eellulis quae sporas generant 
longorum vel brevium ramorum extremitatibus loeatis, sub-hyalinis vel fuscis, saepe prope 
apicem tenuatis, 2.5-4.5 x 20-40 p ; conidiis 2-4.5 x 4-22 p, ex cellularum fertilium apice 
exsilientibus, hyalinis, eylindraceis, utrinque truncatis, eontinuis, eatenulatis. 

Habitat in radicibus, eaudiee, ramis, et foliis arborum vivarum quercinarum {Quercus 
alba L., Q. borealis Michx., Q. coccinea Muench., Q. macrocarpa Michx., and Q. ^elutina 
Lam.) in Illinois, Iowa, Minnesota, and Wisconsin, IT. S. A. 

Type material has been filed in the Cryptogamie Herbarium of the 
Department of Botany, University of Wisconsin, Madison, Wisconsin, and 
in the ‘‘Mycological Collections,’’ Bureau of Plant Industry, United States 
Department of Agriculture, Washington, D. C. 


SUMMARY 

The causal fungus of the oak wilt that attacks Querotts alba^ Q, horealis^ 
Q, coccinea^ Q. macrocarpa^ and Q, veluima in Illinois, Iowa, Minnesota, and 
Wisconsin is herein described and the name C/iaZam quercina n. sp. is 
proposed. 
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OAK WILT: ITS SIGNIFICANCE, SYMPTOMS, AND CAUSE^’^ 


Berch W. Henry, G. S. Moses, C . Audrey Eichards, 

A N D A . J . E I K E R 

(Accepted for publication January 4, 1944) 

INTRODUCTION 

An extensive dying of oak trees in Wisconsin and the Upper.Mississippi 
Valley has aroused concern for some years. . In 1881 Warder (5) discnssed 
dying* black oaks in Madison, Wisconsin. A number of notes made in 1912 
by Hartley,^ now filed in the Host Index, Division of Forest Pathology, TJ. S. 
Plant Industry Station, Beltsville, Md., recorded a dying of oaks, observed 
also by other pathologists both in Wisconsin and Minnesota. Various re- 
ports have been made by Tiemann (4), Lorenz and Christensen,^ and others. 
Tiemann’s paper alone gives an adequate description of the symptoms 
observed. Those he listed are in general agreement with the detailed descrip- 
tion herein recorded. 

The present paper presents evidence on the significance, symptoms, and 
cause of a disease called oak wilt, about which preliminary statements 
already have appeared (3, 7). The reasons for selecting the name oak wilt 
are given after a description of the symptoms. Although considerations of 
the relationships among various important items in the whole oak disease 
complex need further investigation, the present study has demonstrated one 
cause for the dying of oaks, particularly in the red oak group. 

HOSTS 

Although some of the species within the red oak group are difficult to 
distinguish because of intergrading characters, what appeared to be the red 
(Querous borealis Michx, f.) and black {Q. velutma Lam.) oaks have been 
most seriously affected. Two wilting scarlet oaks {Q. coccinea Muench.) 
were found. Trees in the white oak group {Q. alia L. and Q. macrocarpa 
Michx.) also were attacked, but seemed relatively tolerant to the disease. 
Tliis disease is important primarily on the red oak group. 

ECONOMIC IMPORTANCE OP BOTH HOST AND DISEASE 

The economic importance of oak trees has been estimated only in an indi- 

1 In cooperation witb the Forest Products Laboratory, Forest Service, United States 
Department of Agriculture. During the early stages, the work on oak wilt was consider- 
ably advanced by the records taken by E. H. Gruenhagen, L. J. Meuii, and L. F. Both. 

2 Published with the approval of the director of the Wisconsin Agricultural Experi- 
ment Station. 

Assistance for some of this work was furnished by the personnel of the Work Projects 
Administration, official project No. 65-1-53-2349. 

The photographs were made by Eugene Herrling except for figures 1, D, and 2, D. 

3 Carl Hartley, principal pathologist, Division of Forest Pathology, Bureau of Plant 
Industry, Soils, and Agricultural Engineering. 

4 Lorenz, Rolland 0., and Christensen, Clyde M. A survey of forest tree diseases and 
their relation to stand improvement in the lake and central states. U. S. Bur. Plant Indus. 
52 pp. illus. 1937. [Processed.] 
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rect manner. According to farm census figures provided by Walter Bbling,^ 
the annual income from all species in farmers' woodlands has varied accord- 
ing to prevailing prices for 1929 and 1939, respectively, between about 17 
and 10 million dollars. This income may be divided at approximately 
70 per cent used on the farm and 30 per cent sold off the farm. Within this 
total income much (5i million dollars in 1937) was derived from oak trees, 
according to a survey by the Forest Service and the Bureau of Agricultural 
Economics. These figures have not included trees in municipal, county, 
State, or federal parks, or on private lawns, where the aesthetic value of 
trees is difficult to estimate. In southern, southwestern, and western Wis- 
consin, oaks comprise about 80 per cent of the trees in woodland. They are 
among the natural resources not easily and quickly replaced. Although a 
more exact figure cannot be given for the economic importance of oak trees 
threatened by wilt, their value is obviously great in Wisconsin alone. 

The damage caused by oak wilt depends on several considerations. 
According to F. B. Trenk:® (1) The full value of immature trees killed by 
wilt cannot be realized by any salvage operations. (2) After such oaks have 
died, a number of years, when the land may be considered ''idle," are neces- 
sary until replacement trees of other species can grow to an equivalent size. 
(3) For certain locations the native oak trees may be better adapted for 
growth than other species. Such loss caused directly by oak wilt is common 
and serious in at least 30 Wisconsin counties. A similar view has been 
expressed by C. L. Harrington.^ 

A lawn or park tree killed by wilt must be taken away. Thus to the 
aesthetic loss is added a removal cost. 

Much of the reproduction on oak lands is by the growth of sprouts from 
old stumps. This is prevented in wilt-infected areas. Although the roots 
and root collars of wilted trees may remain alive for some time, they usually 
harbor the pathogen. Thus, they either fail to sprout or produce sprouts 
that soon wilt. 

The incidence of the disease has been irregular in both mature and 
immature stands. An example of high incidence in an immature stand is 
given under "Distribution and Spread." On the other hand, many areas 
within the boundaries of the known geographical distribution have been free 
from the disease at least for the past 2 years. 

Oak wilt is probably the most important of the various diseases (1, 2) 
of red and black oaks in the Upper Mississippi Valley. However, more spe- 
cific data on the economic importance cannot be given until detailed surveys 
have been made. 

DISTRIBUTION AND SPREAD 

The authors have observed the disease as widespread in southern, south- 
western, and western Wisconsin. The wilt fungus has been isolated from 
wilting trees in 23 counties in Wisconsin, 5 in Minnesota, 2 in Iowa, and 

5 Division of Agricultural Statistics, Wisconsin Department of Agriculture. 

<5 Extension Forester, Wisconsin Agricultural Experiment Station. 

7 Superintendent of Parks and Forests, Wisconsin Conservation Department. 
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1 in. Illinois.^ The distribution was examined in relation to local conditions. 

The kind of soil in which the trees were growing was considered in rela- 
tion to the distribution of oak wilt. Soil samples were collected near the 
base of wilting trees in 31 localities in Wisconsin in 1941 and 1942. These 
were analyzed by H. H. HnlP to determine whether any correlation could 
be established between the kind of soil, the nutrients available, the acidity, 
and the development of wilt. Wilted trees Were found on the following soil 
types: fine sand {e,g,, Plainfield sand), light- and medium-colored sandy 
loam, light- and medium-colored fine sandy loam, light- and medium-colored 
silt loam, and light- and medium-colored loam. The available phosphate in 
the top soil ranged from 10 to 400 pounds per acre, and that in the soil 8 to 
12 inches deep, from 5 to 200 pounds. The available potassium in the top 
soil ranged from 60 to 600 pounds per acre, and that in the soil 8 to 12 inches 
deep, from 60 to 160 pounds. The acidity of the top soil ranged from pH 
4.5 to 8.0, and that of the soil 8 to 12 inches deep, from pH 4.8 to 7.5. Since 
no correlation was found between the kind of soil, the nutrients present, or 
the soil reaction and the incidence of oak wilt, the development of wilt 
appeared to be independent of such factors. 

The relation of site to the incidence of oak wilt was examined. Since 
trees with wilt were found near swampy land, on hillsides and plateaux, in 
open fields, in woods with closed canopies, in pastured and nonpastured 
woodland, and, since these included good, indifferent, and poor situations 
for growth, the occurrence of wilt appeared not to be distributed according 
to site. 

The spread of the disease in a woodland has fortunately been slow. Com- 
monly a tree at the edge of a woodland first showed the disease. From this 
point the disease seemed to spread in a more or less circular manner, a few 
to several trees dying each year. During the growing season such an area 
has presented a striking picture with the point of initial infection sur- 
rounded by dead and dying trees. As an extreme example, an area of about 
4 acres of sprouts and- seedlings from 1 to 4 inches d.b.h., observed in 1942 
in eastern Minnesota, included an estimated 200 dead trees and 75 wilting 
ones. 

In nature, where one or more sprouts in a group wilted, the other sprouts 
from the same stump also wilted in the same or the following year. Similar 
results have been observed in 7 eases following artificial inoculations. In 
such instances the spread was probably through the living vascular tissues 
of the old stump that served as a direct connection between the sprouts. 
The causal fungus has been isolated from such connective tissues. 

Since anastomosis of roots of oak trees does occur underground, as 
described by Weir (6) for black oaks and as shown in figure 1, D, for white 
oaks, this may be one means of spread from tree to tree. However, the 
separation of localized diseased areas by a distance of several hundred yards 

8 Acknowledgment is made to Messrs. C. M. Christensen, E. K. Alman, and J. 0. 
Carter for aid in these studies in the respective neighboring States. 

9 Instructor in Soils, University of Wisconsin. 
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to a mile or more, and tlie wilting of an occasional tree in an area where 
there had been no previous sign of wilt, indicated that there were also other 
means of spread. 

, , SYMPTOMS 

The symptoms given below were observed during the summers of 1941 
and 1942 on diseased trees from which the causal organism was isolated. 
Trees in the first stages of the disease were found from late May throughout 
the summer until late September, when natural autumnal coloration of the 
leaves interrupted symptom expression. However, the disease became con- 
spicuous in most cases in June and July. The size of oaks knowm to have 
wilt ranged from 1 to 30 inches in diameter at breast height. 

On Red Oak Group 

The first macroscopic symptoms on mature leaves were slight crinkling 
and paling of the leaves, usually near the top of the tree or toward the tips 
of lateral branches. Affected leaves often became bronze to brown progres- 
sively from the apex and tips of the lateral lobes toward the base of the leaf 
blade. The last part of bronzing leaves to remain green was the blade tissue 
adjacent to the petiole. In some cases the base of the petiole became black. 
The mature leaves remained relatively stiff during the various stages and 
after death. 

Young leaves, such as those appearing in May, usually did not show the 
bronze to brown color. As they wilted they became nearly black progres- 
sively from the tip of the blade toward the base and were curled and drooped 
(Fig. 1, C). They remained attached after wilting. 

Affected mature leaves fell at any of the sj^mptom stages ; thus it was 
often possible to find fallen leaves showing various stages from pale green 
through progressive phases of bronzing and browuing. Defoliation was 
slight to nearly complete. A diseased tree was often conspicuous from a 
distance because of its discolored leaves. 

The symptoms progressed very rapidly over the entire tree, commonly 
affecting the lower branches last. Wilting wus usually complete within a 
few weeks. A unilateral development of symptoms was seldom observed. 

As wilting of the primary leaves became complete, sucker growth to a 
varying degree often appeared along the main stem and larger branches. 
Leaves of this new growth in turn wilted and died as described for young 
■ leaves. 

Brown to black discoloration often was found in the sapwood (Fig. 2, D) 
of diseased trees, usually in the most recent ring. Peeling back the bark 
revealed diffuse discoloration or stippled to continuous streaks of varying 
lengths (Fig. 2, B). This was not a dependable diagnostic character, how- 
ever, because it w^as not always evident in wood from which the causal organ- 
ism w^as isolated and could not always be differentiated from discoloration 
caused by other agencies. 

The inner bark and wood died after wilting of the leaves. The small 
twigs died first, then the branches, the trunk, and finally the roots. The 
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■piG 2 A A section of a kiUed tree. The most recent rings (left) show normal 
growth lintil the time of death. B, An infected blaA 

ing the discoloration that often appears. 0, Growth of tke oak wiU / 

of diseased wood after 7 days at room temperature on a,gar ^ 
black oak stem photographed July 8, 1942, ^coloration in the “^er rmgs.^ The 

tree was inoculated August 27, 1941, was wilted September oO, made slight growth the 
IQ A9, 1^11 1 hfif ore the leaves were tull Size. 
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annual ring's showed average growth up to the time of wilting. Such a situ- 
ation was reported by Tieinaiiii (4), and his illustration of it appears in 
figure 2, A. 

Trees usually died during the summer that they first showed external 
symptoms, but in a few cases the larger branches lived over winter, partly 
leafed out the following spring, and then died. No tree of the red oak group 
has been known to recover. 

Trees that died in nature with symptoms of wilt (Fig. 1, A) and a tree 
that died following inoculation (Fig. 1, B), as described later, are illustrated. 

On White Oak Group 

The symptoms on white and bur oaks differed in some respects from those 
on trees of the red oak group. Comparatively few trees of the white oak 
group were found diseased, and they were not so severely affected as the 
red oaks. 

The leaf blades often became progressively necrotic from the apex toward 
the base, as described for red oaks. Though sometimes bronze, the discolored 
areas were often light tan to brown, or dark green and somewhat ^‘water- 
soaked’^ in appearance. The withered, necrotic leaves tended to remain on 
the trees, so that leaf fall was seldom heavy. 

Usually, in this host.group, an entire tree did not wilt. Twigs with dead 
and dying leaves were often scattered throughout the crown, and some 
branches showed leaf symptoms while others remained outwardly healthy 
throughout the season. 

Discoloration in the sapwood was found in each of the 14 trees examined, 
indicating that this might be a more common symptom in the white than in 
the red oak group. Most of the trees also showed dieback of the branches 
to varying degrees — ^perhaps a symptom associated wdth the comparatively 
slow progress of the disease on this host group. 

The symptoms on both the red and white oak groups, though variable, 
allowed reasonably certain field identification. This was shown by the iso- 
lation of the causal fungus from 95 per cent of the trees suspected of having 
wilt. 

Oak wilt was selected as a common name since it met the situation better 
than any other common designation available for the following reasons : (1) 
The progressive bronzing and browning from the margins on structurally 
stiff mature leaves suggested insufficient moisture. (2) Affected young 
leaves were curled and drooped. (3) There was often discoloration in the 
outer layers of sapwood. (4) The causal fungus was present in the vascular 
system. (5) This name has been used in 'Wisconsin for several years. 

THE CAUSAL ORGANISM 
Methods of Isolation 

The method^^ of isolation from woody tissues w-as as follows: The dis- 
eased specimens generally used were twigs i to 1 inch in diameter and about 

10 A similar method was in common use at the Forest Pathology Laboratory’', Morris- 
town, New Jersey. 
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6 inches long, taken from a wilting branch. About half the length of a 
section was dipped into a jar of 95 per cent alcohol, passed through a flame, 
and the alcohol allowed to burn. The bark was peeled or shaved from the 
flamed portion with a knife sterilized in like manner. After second sterili- 
zation of the knife, radial chips 1 to 3 mm. wide and deep enough to include 
at least the 2 outer growth rings were cut in the exposed wood, removed with 
sterile forceps, and set into the medium in a Petri dish. A satisfactory 
medium consisted of 1.5 per cent agar and 2 per cent Trommer 'S malt 
extract. Ten chips cut in linear succession from a twig sample were placed 
in a single dish. Isolations were made from at least 4 samples from an 
individual tree, making a total of 4 plates and 40 chips. The plates were 
incubated at about 25° C., and the causal fungus usually made sufficient 
growth in 7 days to be identified b}^ macroscopic characters (Pig. 2, G). 
Similar techniques were used in isolating from trunk and root samples. 

A few isolations were made from leaves of diseased trees in studying the 
distribution of the wilt fungus in the host. Isolations generally were at- 
tempted only from leaves that showed the progressive bronzing and were 
not yet dried out. The leaves were washed for 10 to 15 minutes in a 1 to 10 
dilution of 4.6 per cent sodium hypochlorite solution and then in distilled 
water. Sections about 5 mm. in length and of desired width were cut with 
a sterile knife on a board soaked in the sodium hypochlorite dilution. The 
sections were then inserted directly into the medium in the Petri dish. 
Sometimes, with equally satisfactory results, the sections were washed also 
in 70 per cent alcohol and twice in sterile distilled water before being put 
into the dishes. The same medium and temperature were used as those 
described for the wood isolations. Because of slower fungus growth from 
the leaf sections, the plates were kept from 10 to 14 days. 

Results from Isolations 

During the summers of 1941 and 1942 samples were taken from 122 oak 
trees suspected of having the wilt (Table 1). Of these, 108 were of the red 
oak group and 14 of the white oak group. The causal fungus was isolated 
from samples of 104 of the 108 trees in the red oak group and from 12 of 
the 14 trees in the white oak group, or 95 per cent of the suspect trees. Of 
the 116 positive cases, 106 were determined by branch or twig isolations, 
6 by trunk isolations, 2 by branch and trunk isolations, and 2 by branch, 
trunk, and root isolations. Isolation attempts were nearly always successful 
from diseased wood that was still green but rarely successful from wood that 
was dead or nearly so. Secondary fungi, Dothiorella quereina 

(Cke. and Ell.) Sacc., usually overran the plates in the latter case. 

In 1941, samples also were taken from 56 oak trees not showing typical 
wilt injury, 7.6., non wilt trees (Table 1), to determine whether other symp- 
toms were caused by the oak- wilt pathogen. Some of these trees showed 
dieback, staghead, twig blight, cankers, and other difficulties, but none 
yielded the oak- wilt fungus. 
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Among tie few leaf isolations attempted, only a small percentage was 
successful. The causal fungus was isolated from a total of 8 leaves collected 
from 3 naturally wilting trees. The fungus was isolated also from the wood 
of these trees. Six of the leaves were picked from the ground and 2 from a 
wilting branch. The fungus was isolated from the petioles of all 8 leaves, 
from the midribs or larger veins of 6, and from the green portions of the 
blades of 2. Several attempts were made to isolate the pathogen from the 
broiized portions of the leaf blades, but all failed. 


TABLE 1 . — Results of isolations from naturally wilted and nonwilt ed oaTc trees 



Studies of 1941 

Studies of 1942 

Species 

Trees 
used for 
isolations 

Trees 
yielding 
wilt fungus 

Trees 
used for 
isolations j 

Trees 
yielding 
wilt fungus 


No. 

No. 

No. . ! 

No. 

Wilt trees: 





Qiierous horealis 

18 

17 

39 

38 

Q. velutina 

21 

21 

28 

26 

Q. coceinea .... 

1 

1 

1 

1 

Q. alha 

1 

1 

4 

3 

Q. maorocarpa . 

1 

1 

8 

7 

Total 

42 

41 

80 

75 

Nonwilt trees: 





Q. 'borealis 

19 

0 



Q. velutina 

13 

0 



Q. alha 

19 

0 



Q. maorocarpa 

5 

0 



Total 

56 

0 




Growth Characters of the Fungus 

The oak wilt seemed continually associated with an undescribed parasitic 
fungus inhabiting the vascular tissues of the host. The mycelium of cul- 
tures from diseased wood was rather fluffy, and gray to olivaceous green. 
Cultures 1 to 3 weeks old had a characteristic, fermenting odor, somewhat 
reminiscent of old apple cider. Only asexual sporulation of the fungus has 
been ol^erved. Conidia 'were abundant on 2-week-old malt agar cultures 
grown at 20° to 25° C. and were cylindrical, endogenous, and catenulate. 

The fungus apparently belongs among the Dematiaceae and probably in 
the genus Ghalara Corda. A more complete description and a classification 
are being published by Henry. 

Methods of Inoculation 

The field plot selected for inoculations was an ungrazed aspen and oak 
woodland near Madison, Wis. There was no oak wilt within i mile. 

One isolate, 1 mixture of 2 other isolates, and 6 single-spore cultures of 
the fungus were used for inoculations. The isolates were obtained during 
the summer of 1941 from naturally infected trees and represented 8 different 
localities in southern Wisconsin (Table 2). 
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The cultiires used for iiioc illations were grown at room temperature for 
about 2 weeks on sterilized corn meal or rice in Petri dishes. 

Inocidations were made in August, 1941, and in June, July, and August, 
1942. 

Trees selected for inoculations were mostly black oaks of sprout origin 
and from 1 J to 5 inches d.b.h. Exceptions were one 8-inch and one 10-inch 
d.b.h. black oak, one 2 J-inch and one 6-inch white oak inoculated in 1941, 
and one 2i-inch white oak inoculated in 1942. All trees were in good health 
when the experiments were started. 


TABLE 2 . — BesiUts of inoculating oalc trees with the wilt fungus 


Eiingus isolates 

Experimental treesa 

Serial 

letterb 

Origin 

Inocu- 

lated 

Wilted 

Wilt 

fungus 

reiso- 

lated 

Kind of 
oak 

Nearest 

Wisconsin town 




No. 

No. 

No. 

1941 trials: 






A 

Black 

Madison 

32 

27 

27 

B 

Red 

Baraboo 

5 ■ 

4 ‘I 

4 


Red 

Prairie du Cliieii 




Totals 

j 


37 

31 

31 

Controls 



21c 

0 

0 

1942 trials : 






A 

Black 

j Madison 

19 

16 

16 

c , ! 

Black 

Waupaca 

12 

12 

12 

B 

Red i 

Baraboo 

4 

3 

3 

E , 

Bui- 

Verona 

4 

4 

4 . 

P 

Red 

Lake Geneva 

4 

4 

4 

G 

Scarlet 

Lake Ripley 

4 

4 

4 

H 

Black 

Madison 

6 

0 

0 

Totals 



53 

43 

43 

Controls 



8d 

0 

0 


a All were black oaks except 3, which were white ; 2 inoculated with isolate A in 1941, 
and 1 inoculated with isolate H in 1942, as explained in the text. 

b A was a mass isolate and B a mixture of 2 mass isolates. C, D, E, E, and G were 
single-spore cultures, H was a single-spore culture from isolate A. . 

c Twelve wounded but not inoculated and 9 unwounded. 

‘Wounded but not inoculated. 

Inoculations were made in the stems at 2 to 6 feet above the ground. 
Various methods were used in 1941, but all involved wounding the trees so 
that the mycelium and spores of the fungus wure introduced into at least 
the 2 outer growth rings. Since all methods were about equally successful, 
only the chisel-cut method, which was the only one used in 1942, is described. 

With the chisel-cut method of inoculation the rough outer bark was 
smoothed off from about 6 square inches, the pared surface was washed with 
95 per cent alcohol, and it was allowed to dry. A l-inch wood chisel was 
dipped into 95 per cent alcohol, flamed, and then driven through the inner 
bark and the 2 outer rings of wood. The chisel was removed, and the result- 
ing hole in the tree was filled with mycelium and spores from a culture of the 
wilt fungus. To prevent too rapid drying of the inoculum, a Wad of absor- 
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bent cotton was soaked in sterile water and bound over the wound with a 
strip of unbleached muslin. In 1941, from 1 to 6 inoculations, depending 
on tree size, were made around each tree in spiral fashion. In 1942, the 
number was reduced to 1 in most cases, with only a slight drop in percentage 
of infection. Control trees were either untreated or they received treatment 
like that given the inoculated trees, except that sterile medium was placed in 
the wounds. 

Eesults from Inoculations 

The inoculation results have been recorded in table 2. The first appear- 
ance of symptoms in the 1941 trials was noted 27 days after the August 
inoculations. By the end of September, when natural autumnal coloration 
of the leaves began to interfere with foliar symptoms, 19 of the 37 inoculated 
trees had developed leaf symptoms. Nine additional trees wilted in May, 
1942, before the new leaves reached maturity. In June, 1942, 3 more trees 
wilted after having leafed out in apparently normal fashion. Thus a total 
of 31, or 84 per cent, of the 37 trees inoculated iii August, 1941, developed 
foliar symptoms by the spring of 1942. The 2 white oaks and the inoculated 
lO-inch black oak were among the first trees to show symptoms. Both white 
oaks, how'ever, seemed to recover almost completely during the summer of 
1942, except for slight dieback on some of the small branches near the top. 
The foliage seemed normal, and the fungus was reisolated from only 1 of the 
trees in 2 attempts during the summer. None of the wilted black oaks re- 
covered. However, a few that had wilted in the fall of 1941 started to leaf 
out the following spring and then wilted again before the leaves were 
matured. 

In the 1942 inoculation series, the first appearance of symptoms was 
noted 18 days after the June inoculations. By the 25th of September, 43, 
or 81 per cent, of the 53 inoculated trees had developed leaf symptoms. The 
single white oak used did not become diseased. It was inoculated, however, 
with isolate H, which gave negative results throughout 1942. The symp- 
. toms on inoculated trees were comparable to those described for naturally 
infected trees. None of the control trees developed wilt symptoms. 

Reisolation of the Original Fungus 

Eeisolations were usually made from lateral branches several feet from 
the nearest inoculation point soon after symptoms appeared. The original 
fungus was reisolated by the middle of November, 1941, from 28 of the 37 
trees inoculated in August, 1941. These 28 positive eases included the 19 
trees that showed symptoms by the end of September, 1941, and the 9 trees 
that first wilted in May, 1942. The fungus also was isolated at the time 
symptoms were noted from the 3 1941-series trees that did not wilt until 
June, 1942. The pathogen was reisolated from all 1942-inoculated trees that 
developed leaf symptoms. Repeated attempts to isolate from the 1941- and 
1942-iuoculated trees that did not develop symptoms, as well as from all 
contiol trees, have failed to yield the causal fungus. The results are sum- 
marized in table 2. 
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Recovery of tlie original fungus from the roots, trunks, and leaves of 
some of the inoculated trees showed the distribution of the pathogen to be 
similar to that in naturally infected trees as discussed earlier. 

SUMMARY 

A destructive disease of oak trees, termed oak wilt, was studied in Wis- 
consin and neighboring States. 

The disease has appeared widely distributed, and its presence has been 
confirmed, by positive cultural studies, in 23 counties in Wisconsin, 5 in 
Minnesota, 2 in Iowa, and 1 in Illinois. No correlation has been found 
between site and occurrence of the disease. 

Wilt appears to be the most important oak disease in the Upper Missis- 
sippi Valley. 

Red and black oaks were the most common hosts and have not been 
known to recover once they were attacked by the wilt disease. Two wilting 
scarlet oaks were found. White and bur oaks also were attacked, but seemed 
relatively tolerant to the disease. * 

The first symptoms were slight crinkling and paling of the leaves, often 
followed by a progressive bronzing to browning of the leaf blade from the 
lateral edges and apex toward the midrib and base. Mature leaves remained 
relatively stiff, but young leaves drooped conspicuously. Defoliation varied 
in extent and seemingly occurred at any symptom stage on mature leaves. 
Affected young leaves remained attached after wilting. Symptoms usually 
progressed over the entire tree within a few weeks. Secondary foliage often 
appeared along the trunk and larger branches, but this in turn wilted and 
died. Discoloration in the sap wood of twigs was found in numerous cases 
but was not a diagnostic character. 

A fungus, tentatively placed in the geim^ Chalara, was isolated from 116 
of 122 wilt trees sampled, but was not obtained from any of 56 nonwilt trees. 

Stem inoculations with the fungus were successful on 74 of 90 woodland 
trees. Cultures from 8 different locations in Wisconsin were used. The 
fungus was reisolated from the 74 positive eases of wilt and was identified 
as that used for the inoculations. ‘ 
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WEB BLIGHT OF SEEDLING TUNG TREES TENTATIVELY 
IDENTIFIED AS THE RHIZOCTONIA STAGE OF 
CORTICIUM MICROSCLEROTIA 

JohnE.Laegei 
(Accepted for publication December 30, 1943) 

Lower leaves of seedling* tuiig* trees covered with niyceliiim were observed 
by Samuel Merrill, Jr., , in a tung* nursery in Mississippi in June, 1942. 
Later, the same disease was found in a tung nursery in Louisiana, and has 
been observed again in tung nurseries in 1943. This disease usitally is 
found on leaves 6 to 18 inches above ground, and causes them to turn brown 
and die. 

Young infection spots are light-tan and 0.2-2. 0 cm. in diameter (Fig. 
1, A). As the lesions grow larger, light-tan hyphae develop on the shaded 
side of the leaf. These hyphae extend rapidly over the surface of the leaf 
blade, progressively killing it (Fig. 1, B) . Under eoiiditions of high humid- 
ity the hyphae spread out and cover both the blade and the petiole. Often 
the hyphae grow to adjacent leaves, causing them to stick together (Fig. 1, 
D) . Old diseased leaves have a very ragged appearance (Fig. 1, C) . Often 
numerous grains of sand stick to the hyphae. During a rainy period the 
petiole and blade of an infected leaf may be covered with fine, close-growing, 
entangled hyphae that bear clumps of light-brown sclerotia (Fig. 1, C). 

Diseased tissues cultured on water-agar and on Lima-bean-agar plates 
developed distinct Rhizoctonia features. Microscopic measurements of 100 
sclerotia, found on the upper part of the petioles of infected leaves, ranged 
from 80-200 X 80-300 p, averaging 150 x 200 g. These measurements are 
within the range of those for Corticium micros clerotia (Matz) Weber, 
namely, 80-300 x 80-600 jj.^ Bean plants inoculated wdth sclerotia from 
diseased tung leaves developed characteristic web blight, whereas check 
plants remained healthy and vigorous. Minute lesions appeared within 24 
hours, and under controlled conditions sclerotia were observed three days 
after inoculation. Complete collapse of the bean leaves and defoliation 
occurred as the disease developed. Sclerotia from artificially inoculated 
bean plants and from naturally diseased tung plants, plated on water agar, 
developed cultures indistinguishable from each other. 

The small size of the sclerotia, the growth of the fungus in water-agar 
cultures, and the general similarity of the symptoms on diseased tung trees 
to those described for web blight of beans suggest that this is the Rhizoctonia 
stage of web blight, Corticium microsclerotia. L. H. Persons, of the Emer- 
•gency Plant Disease Prevention Project, inspected the nursery in Septem- 
ber, 1943, and confirmed this diagnosis. 

1 -Assistant Pathologist, Division of Pruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
tration, D. S. Department of Agriculture. 

2 Weber, G. P. Web blight, a disease of beaus caused by Corticium microsclerotia. 
Phytopath. 29: 559-575. 1939. 
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The disease appare 
under favorable eiivir 


Progressive stages in macroscopic symptoms of web bligbt (Corticdwn micro- 
atz) Weber) on tung (Aleurites fordii lLemsl.). A. Early stages in the 
of primary lesions on'tnng leaves. B- Extensive superficial mycelial growth 
mi dead to healthy tissues of the leaf. C. Old diseased timg leaf showing 
■ged condition and the very small sclerotia on the petiole and pait of the 
Spread of infection by the growth of hyphae from a diseased leaf to a healthy 


PEACH CALICO^ 


Earle C. Blodgetts 
(Accepted for publication October 25, 1943) 

Observations in Idaho peach orchards have indicated that variegation of 
peach leaves, while uncommon, was present in 5 trees. One type is probably 
of the nature of a chimera, and another is transmissible by bnd inoculation. 
These 2 types of diseases (1, 3) and others (6, 7, 8) have been called calico. 
The present paper records the writer ^s experience with peach-leaf variega- 
tion in Idaho and describes the virus disease, peach calico. 

HISTORICAL 

In June, 1939, J. B. Murphy, a grower near Caldwell, Idaho, called the 
writer’s attention to an interesting J. H. Hale peach tree, one branch of 
which had leaves showing a brilliant yellow-green variegation. Symptoms 
suggested the name calico (1). Transmission tests using bud wood, desig- 
nated as P-12, taken from this branch and placed on healthy peach nursery 
trees at Moscow in the fall of 1939, and in several subsequent trials, indicated 
that the trouble was bud-perpetuated but not transmissible (Table 1) . After 
these tests and after having observed the original orchard tree again in 1940 

(2) and several times later, the condition was regarded as a chimera. 

The writer and B. L. Keeves, vhile examining an orchard near Wilder 
in August, 1941, found a single small shoot with striking leaf variegation, 
arising from a main branch near the crotch of a mature Eochester peach tree. 
Bud wood from this shoot was likewise taken and placed on healthy peach 
nursery trees at Moscow. This case at first appeared to be similar to the 
calico, P-12, noted first in 1939, and, although it wns reported by this name 

(3) , the eolleetion was listed as P-31. 

Two seedling peach trees, budded with P-31 in the fall of 1941, showed 
in July, 1942, that they had become infected, although the inoculation buds 
did not grow, and exhibited symptoms similar to those on the original 
orchard tree (Table 1). Thus, apparently, a virus disease was involved. 
The original shoot on the orchard tree again showed calico symptoms in 
1942, and a small portion of one of the main branches was also affected. 
Symptoms on fruit were observed first in June, 1943, and are described later. 

A peach tree, a few hundred feet from P-31, inoculated in 1940 with 
western X disease buds, showed in September, 1942, only one spur with 
calico (P-31) symptoms. It is of interest to note that western X has not 
been transmitted nor even perpetuated on this tree, although 2 ^diseased 

1 Published with the approval of the Director of the Idaho Agricultural Experiment 
Station as Research Paper No. 226. 

2 The writer wishes to express his sincere thanks to L. C. Cochran and E. L. Reeves 
for their interest in the interpretation of experimental results, held observations, and 
critical reading of the manuscript. The writer did not have an opportunity to read the 
pertinent paper of Woods and Du Buy, Phytopath. 33: 637-655, 1943. 
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buds” had each borne 2 peaches in 1941 and several in 1942 and 1943. The 
tree was bud-inoculated with western X again in August, 1942. Sufficient 
bud wood of this new case was not available for transmission tests, and, when 
examined in June, and again in September, 1943, no variegation was found 
on the tree. 

In an orchard at Emmett observed in June, 1943, a single leaf on a young 
tree was found showing symptoms of the nontransmissible or P-12 type of 
variegation. This particular orchard has a high percentage of trees infected 

with, western X. 

In another orchard at Emmett, where 4 trees had been bud-inoculated in 
1940 with peach wart, one of the Elberta trees (No. 6, Table 1, p. 25 [5] ) , 
showing wart and a slight mottling of the foliage also, bore a leaf with symp- 
toms similar to those of P-31, the transmissible calico. 

NAME OP THE DISEASE 

Since the name calico had been used by the writer for the nontransmis- 
sible leaf variegation or chimera, P-12, and it had also been applied to the 
virus disease P—31, before the etiology of the latter was known, there is a 
question as to the proper name to apply. This question was further com- 
plicated by the publication by Thomas and Rawlins (8) of the name almond 
“calico” transmissible to peach and cherry, although they had described 
“calico” as the only disease under “almond mosaics.” Reeves (7) men- 
tioned a disorder of peach trees observed in Washington and indicated that 
leaf symptoms appeared similar to those of “Calico” referred to by the 
writer (3). Reeves (7) did not report transmission, but a subsequent com- 
munication from him in August, 1943, states that “positive transmission has 
been obtained in several instances with the peach disease found in Wash- 
ington that exhibits leaf symptoms similar to the disease observed on a 
Rochester peach tree near Wilder, Idaho, listed as P-31 in the Idaho col- 
lection. ’ ’ The writer has been informed that other cases of peach-leaf varie- 
gation occur in the West, but the etiology in all cases is not known. H. E. 
Thomas, in personal correspondence, states that he does not believe, the Idaho 
P-31 is the same as his calico on almond, but is more like the symptoms he 
has noted on a transmissible disease of nectarine. 

The writer suggests the name peach calico as appropriate for the virus 
disease illustrated in figure 1, B. Further tests are needed before the rela- 
tion to other leaf variegation is known. 


SYMPTOMS 

Symptoms of the calico disease may appear as the leaves unfold, showing 
in the early stages a mottling or mosaic-like pattern. Later the light-green 
areas enlarge principally along the veins and the color changes finally to a 
brilliant-yellow, almost papery- white (Pig. 1, B). Even the twigs become a 
creamy-white in streaks or non-uniform patterns, and the margins of these 
streaks or areas may be pink. All leaves may not show symptoms. The 
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comparison of calico (P^31) and tlie chimera (P-’12) are shown in figure 1, 
A and 1, B. Note that in the case of P-12 there are rather sharply delimited 
areas with at least 3 distinct shades of green, while in P-31 or peach calico 
the veins are yellow or white and there is a gradual grading from green to 
yellow to white. 

In June, 1943, some of the peach fruits, then about the size of walnuts, 
showed symptoms. The affected fruits were smaller, shorter and more 
round than those not affected. The most striking evidence, however, con- 
sisted of irregular patches of creamy-white showing through the pubescent 
surface. In a few cases the affected area was orange shading into dull-red. 

TRANSMISSION STUDIES 

In table 1 are shown the results of bud-inoculation tests involving cion 
wood of the chimera P-12 and the calico material P-31. There is no evi- 
dence that transmission occurred in the ease of tests 1-8 with P~12, and some 
of the trees are still under observation. 

On trees budded with calico P—31 in the fall, symptoms appear early in, 
the spring and are severe on the shoot growth from the inoculation bud, but 
infection of the stock usually does not become evident until past midsummer. 
This fact, and the apparent slow spread in the original tree, indicates that 
the virus does not move rapidfy in a tree, and, in case of natural spread in 
an orchard, considerable time might elapse before the condition would be 
regarded as serious. Since the virus is readily perpetuated by budding, the 
use of disease-free bud wood would prevent spread through nursery stock. 

It appears from the transmission studies conducted that peach calico is 
not always transmitted by bud inoculation, at least during the first season 
of growffh after inoculation in the fall, 

DISCUSSION 

There has been considerable speculation regarding the origin of a virus. 
Considering the age of the calico-infected orchard tree and other factors, 
there seems to be only a slight possibility that this certain tree w^as infected 
with calico when it %vas planted in the orchard. There is of course only 
circumstantial evidence to indicate that this represents a ease of a virus 
originating in peach, but there seems to be some likelihood that such a pos- 
sibility exists. As more, apparently new, virus diseases are found (or recog- 
nized) and described, there seems, as mentioned in the case of peach w^art 
(5), to be additional evidence of new viruses so originating. The informa- 
tion concerning the nature of viruses themselves is such, it seems, as to allow 
this question to be discussed, although proof may be far in the future. Con- 
sidering the versatile character some viruses possess, it seems possible to the 
writer that they may be originating within rather than being contracted by 
certain host plants. This of course does not mean that life may ^ ' originate ' ’ 
by itself. It may mean, however, that the conditions necessary for the for- 
mation of virus entities oecasionally occur in nature and need not necessarily 
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be- coupled with a progenitor as such. It is readily agreed that “sports” 
or mutants arise, and the writer considers it possible that the difference be- 
tween perpetuated abnormalities, such as P-12 or chimera and transmissible 
diseases as P-31 or calico, may be, after all, fundamentally rather slight. If 
the agent responsible for the failure of chlorophyll to develop in nontrans- 
missible variegations like P-12 could move out of affected cells, it would 
become a transmissible entity— one into which P-31 wmuld fit. The develop- 
ment of peach calico symptoms in some of the older leaves gives evidence 
that some agent is responsible for the destruction of chlorophyll already 
formed. Some workers have suggested that viruses might be disorganized 
chromatin material, which, once outside its normal cell function, is "able to 
reproduce itself at the expense of the cell. The presence of only one affected 
leaf on the stock of a bud-inoculated tree (No. 10, Table 1) suggests an 
erratic, unpredictable behavior for the virus causing peach calico. 

^ The period of incubation of some fruit virus diseases is so long that at 
this stage of our knowledge the supposedly new' viruses may, in reality, be 
delayed appearances. The rather sudden iuerease in the number of “odd” 
virus diseases still leaves a possibility of “spontaneous” origin of plant 
viruses. 

It might be true, too, that in plant diseases w’e have neglected the pos- 
sibility of wdnd- or air-borne viruses, such as are reported to occur in animal 
pathology. These new cases might be the establishment of an unsuspected 
virus such as one from an herbaceous plant in a wmody plant. This hypo- 
thetical assumption, how’ever, might not even, if proved, settle the point as 
to ivhether the virus is “new'.” 

The waiter does not wish to infer that the leaf variegations noted, neces- 
sarily have any connection with the virus diseases, peach wart and Western 

X. The observation might, however, have more significance than the mere 
recording*. 

The above discussion, of course, has not mentioned all the important 
points in a problem of this nature, but it may serve to indicate that there 
still are many questions to answ'er as to where “new'” viruses come from. 
The occurrence of the disease, peach calico, has been of great interest to the 
writer from this standpoint. 

summary 

Variegation of peach leaves on 5 trees in Idaho has been shown by bud 
inoculation to he of at least 2 types. One, noiitransmissible, is regarded as 
a chimera and is characterized by irregular yellow'ing in which 3 rather dis- 
tinct shades of green are exhibited. The other type, called calico, character- 
ize y extensive yellowing, finally produces a papery-white leaf and twig 
tissue. It IS transmissible. Affected fruit is shorter, more round and shows 
creamy-white to red patches. Historical facts and transmission tests are 
reported and the two types of disease are compared. The question regard- 
ing the possible origin of the virus is discussed. 
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DISSEMINATION OF A PEACH MOSAIC 


H. Eael Thomas, G, Bmlen Scott, E. E. Wilson 
andJ.H.Feeitag 

(Accepted foi* publication November 1, 1943) 

The disease initially referred to^ as the Winters peach mosaic and here 
designated as yellow bnd mosaic {Inops consilii) has been found in 11 addi- 
tional orchards in the Winters District of Solano and Yolo Counties, Cali- 
fornia. The change to the more descriptive name is based on an early season 
sequence of symptoms in which many buds on the severely affected branches 
push out to a few millimeters in length at the beginning, then remain pale 
yellow and virtually at a standstill on otherwise bare branches for as much 
as several weeks. These buds later may die or slowly develop a tuft of small 
somewhat distorted leaves (Pig. 1, C). In tree-by-tree examination of 10 of 
these orchards, infected trees were found to be not scattered more or less at 
random as was expected but in compact groups (Pig. 1, A and B) indicating 
that the transfer of wrus usually is from one tree to the next adjacent rather 
than over greater distances. Occasional foci of infection are found at con- 
siderable distances from any apparent source, but the spread from these foci 
is in turn almost invariably to immediately adjacent trees. This distribu- 
tion in the orchards is quite unlike any known to the -writers for other fruit- 
tree virus diseases, including the similar mosaic of peach in Colorado.^ 
With the buckskin disease, for example, in orchards of the Winters and sev- 
eral other districts of the State infected trees usually are widely separated 
and often without any apparent relation to source of inoculum (Pig. 1, B).® 

The three varieties, Elberta, Lovell and Muir, commonly grown in the 
Winters District, are all distinctly susceptible to yellow bud mosaic and seem 
to become infected with about equal facility under orchard conditions. 

Among the stone fruits other than almond, apricot, and peach, only 
plums (P. domestica) have been seen under extreme exposure to natural 
inoculation. No mosaic symptoms have been seen in the plums that seem to 
be related to the disease in peach nor have any been produced by artificial 
inoculation of domestica plums. None of the 7 native species of Pnmus 
recorded for the State has been found in the vicinity of affected orchards. 

Since apricots and almonds are the leading fruits of the district and both 
are susceptible to the yellow bud mosaic, the relation of these to the disease 
in peach is of interest. 

The virus seems to spread readily from peach to apricot and from apricot 
to peach (Pig. 1, B) but the apricot is so little injured that symptoms are 
often entirely lacking, especially in older trees. The orchard showui in part 

1 Tliomas, H. Earl, and T. E. Eawlins, Some mosaic diseases of Prurms species. Hil- 
gardial2: 623-644. 1939. 

2 nodine, E. W. Peaeli mosaic disease in Colorado. Colorado Agr. Exp. Stat. Bull, 

■■421:' 1~1I.-. 1936.. ■■ ■■ ■.'.■ ■ ' ' , ; ■■ 

3 Tliomas, H. Earl, and C- Emlen Scott. Prevalence of buckskin in peaches. XT. S. 
Dept. Agr, PI. Bis. Eptx. 27: 292-293. 1943. 
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ill figure 1, B, is one of several in wliieli a clear relation between apricots and 
infection of peaches is indicated. This block of 14-year-old Lovell trees is 
bordered on the north by a block of apricots beyond which a block of Muir 
trees had an increasing number of infected trees from 1936 and probably 
earlier until it was removed in 1942. Most of the south border of this Lovell 
block is also apricots, but the map indicates that these are not supplying 
inoculum. The one group of infected trees, which reaches the south border, 
probably represents a single instance of dissemination over a greater dis- 
tance than usual. This surmise is supported by the presence of several re- 
plants, now about 5 years old, near the center of this group. The disease 
was noticed in this block for the first time in 1940, but probably was present 
for some time prior to that year. The map shown in figure 1, B, was made 
ill June, 1943. 

Several foci of infection in other peach orchards were found in which the 
only infected trees were in outside row^s adjacent to apricots. 

The almond, on the other hand, may be considerably injured by the dis- 
ease (intermediate between apricot and peach) but is much more likely to 
escape infection. For example, an almond block of about 15 acres now in 
the 5th growing season was interplanted among heavily infected peach trees 
a year before the peaches were removed. On one border is an apricot block 
that has had a considerable number of infected trees throughout the 5-year 
period. To date no evidence of infection in this block of almonds has been 
found. 

At least one ease has been seen, however (Fig. 1, A), in which almond 
seems to be clearly a source of the virus for peach. Six rows of 36 trees each 
(216 trees) about 10 years old lie adjacent to a short block of old almond 
trees several of which in the 2 or 3 rows nearest these peach trees bear the 
type of symptoms characteristic of the disease in almond. The remainder 
of that side of the peach block is bordered by older peach trees. It seems 
obvious from figure 1, A, that the virus has spread from the almonds to the 
peaches and this evidence is supported by the fact that the most severely 
affected peaches are nearest to the almonds. Two other sides of this almond 
block are bordered by older peach trees, but no infected peaches or almonds 
were found at these boundaries. 

In contrast with the orchards discussed above are others with no apparent 
external source of inoculum. In the latter, there are typically fewer in- 
fected trees in 1 or 2 outside rows than in those farther from the borders. 
This seems true whether the orchard be adjoined by a highway or by another 
orchard. 

Several orchards were found in which the disease undoubtedly is per- 
petuated by replanting peach trees among or adjacent to older trees. In 
one such case, infected trees were seen ranging in age from 2 to 30 or more 
years. ' ■ 

Since the vectors of nearly all virus diseases of fruit trees remain not 
only unknown but without even a good clue, it may not be altogether futile 
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to speculate as to the possible significance of the field observations as bearing 
on the type and habits of the vector. The observed facts seem to indicate 
that the vector has a very limited range of movement, is readily attracted 
to peach and apricot, distinctly less so to almond, and has a tendency to 
shun the border rows of peach blocks. Less certain is a seeming preference 
for low areas in the orchards. 

One of the writers (Freitag), in 1938, tested about 20 species of insects 
as possible vectors of the yellow bud virus on 332 inoculated trees. All 
results were negative. 

Divisions of Plant Pathology and Entomology, 

University OP California, 

Berkeley, California. 


ASSOCIATION OF XANTHOMONAS PHASEOLI AND THE 
COMMON BEAN-MOSAIC VIRUS, MARMOR PHASEOLI. 

I. EFFECT ON PATHOGENICITY OP THE 
SEED-BORNE INFECTIVE AGENTS 

Florence Hedges^ 

(Accepted for publication February 29, 1944) 

INTRODUCTION 

The discovery of masked virulent Xantkomonas pliaseoli (E. P. Sni.) 
Dowson in the inoenlnm used in testing hybrids of common bean (Phaseohis 
vulgaris L.) for mosaic resistance, led the writer to undertake the studies 
here reported. A preliminary report (14) has been published. Investiga- 
tions of this kind are important for the following reasons : 

1. The breeding of resistant varieties is one of the most effective means 
of combating plant diseases, and is being widely applied to beans, with ex- 
cellent results. The procedure involves the testing of the parents and 
progeny for resistance by inoculation with the infective agent in question. 

2. The type of pure-culture inoculation employed with bacteria and 
fungi has not been possible with the viruses, as investigators have yet to 
discover a means of cultivating them on a nonliving substratum (25). The 
eomniou practice among plant pathologists working with virus diseases has 
been, therefore, to use the juice of infected plants as inoculum. 

3. An unsuspected association of two infective agents may occur in the 
test plant if, as in the case under consideration, a second parasite is masked 
in the plant tissues the juice of which is used as inoculum. Both the virus 
of the common bean mosaic, Marmor phaseoU Holmes, and 

phaseoU are seed-borne, and are often associated in nature. 

4. The association of infective agents may result in complications that 
would go far to invalidate the interpretation of results by the investigator 
who had introduced one of them unwittingly along with his inoculum. 

Pasteur ^s early work on fermentations (20) and Pasteur and JouberUs 
(21) discovery that Bacillus anthracis could be inhibited both in vitro and 
in vivo by the simultaneous inoculation with various common bacteria were 
the forerunners of studies of microbial assoeiations in all fields of microbi- 
ology. The literature on this subject has now assumed voluminous propor- 
tions and has been reviewed recently by Waksman (33, 34) . 

It has been experimentally shown that association, though sometimes 
without apparent effect, often results in mutual or unilateral antagonism or 
stimulation. The practical importance of this is obvious and has been voiced 
by Waksman in the second of his reviews (34), in which he says: ‘Mt is 
possible we are finally approaching a new field of domestication of micro- 

. Division of Fruit and Vegetable Crops and Diseases, Bureau 

ot mailt Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
totion, United States Department of Agriculture, Plant Industry Station, Beltsville, 
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organisms for combating microbial enemies of man and Ms domestic plants 
and animals/’ 

One of tbe best-known therapeutic measures based upon the principle 
of the antagonism of micro-organisms is the malaria treatment of syphilis. 
Following the brilliant work of Wagner v, Jauregg (15) for which he re- 
ceived the Nobel prize in 1927 (3), this method has become a routine in 
mental hospitals (12). 

In more recent years the soil as a source of organisms antagonistic to 
pathogens of man^ animals, and plants has attracted considerable attention. 
Foremost in the field are Waksman and Woodruff (35, 36, 37), who isolated 
a soil Actinomyces (Act. antHbiotmis) SLctive against a great variety of bac- 
teria and fungi, pathogenic and nonpathogenic, and Dubos (8, 9, 10, 11), 
who obtained from the soil a bacillus secreting a bactericidal agent, grami- 
cidin. Gramicidin is active in vitro and in vivo against Gram-positive bac- 
teria, including pneumococci and streptococci. An extract of the bacillus 
in question protects white mice against infection with large numbers of 
virulent pneumococci. Little, Dubos, and Hotchkiss (18), working with an 
oil mixture of gramicidin, effected complete cures in 84 per cent of eases of 
bovine mastitis, some of which were of a severe chronic nature. 

Penicillin, the chemical agent of such promise as a bacteriostatic agent, 
was isolated by Fleming (13) following his observation of the lysis of staphy- 
lococcus colonies surrounding a Penicillium contaminant in one of his plates. 

Examples of antagonism are not lacking in the field of plant pathology. 
Brown and Quirk (6), in their work on the influence of bacteriophage on 
Agrolacterium tiimefaciens (Erw. Sm. and Towns.) Conn, found that the 
largest and greatest number of plaques due to the lytic principle could be 
obtained on beef agar plates and slants with filtrates of carrot rotted as a 
result of pure-culture inoculation with Bacillus carotovorus Jones. The 
presence or absence of plaques was linked with oxidation and pH potentials. 
This idea of chemical-physical stimulus was thus expressed by Erwin F. 
Smith (32) in a paper on the production of tumors in the absence of para- 
sites: ‘‘All tumors, so far as they are due to parasites, must be assumed to 
be due to the chemical-physical action of the by-products of the metabolism 
of these parasites just as most communicable diseases are due not to the 
parasites themselves but to their toxins.” 

Two antagonistic bacteria occurring in vivo have been reported by Adam 
and Pugsley (1). They frequently found associated with Pseudomonas 
medicaginis var. phaseoli (Burkh.) Stapp and Kotte in the host a nonpatho- 
genic yellow organism that, when mixed wuth the pathogen at the time of 
inoculation, retarded the rate of development of the very destructive bean 
halo blight. 

Ark (2) has isolated two soil bacteria that have proved strongly antago- 
nistic to 16 phytopathogenic bacteria and 6 fungus plant pathogens. 

In the plant-virus field cross immunity has been demonstrated with 
strains of a given virus in numerous groups; 6.^., Kunkel (16) has shown 
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that protection is afforded Nicotiana sylvestris Speg*az. and Comes against 
the necrotic type of auciiba mosaic virus by earlier inoculation with ordinary 
tobacco mosaic virus or with either of two attenuated strains of auciiba 
mosaic virus. Equally striking is his work (17) showing that the viruses 
of peach yellows and little peach produce reciprocal immunity in the host. 

Another example in this field is the acquired immunity of Zinnia elegans 
Jacq. from cucumber mosaic. Price (23) found that a necrotic type strain 
could not infect mottled leaves of plants infected with any one of 4 strains 
of cucumber mosaic. An excellent review of the subject of acquired im- 
munity from plant-virus diseases is given by Price (24). 

An outstanding example of the stimulating effect of one infective agent 
upon another is swine influenza. Shope (26) in 1931 cleared up the mystery 
of this highly contagious disease which made its appearance at the time of 
the great pandemic of human influenza in 1918 and appears to be closely 
related to it (27, 28). He proved that it was caused by a bacterium and a 
virus acting synergistically, the first such ease on record among the diseases 
of animals or man. The bacterium, Hemophilus influenzae var. suis Shope, 
though constantly associated with the disease, proved to be nonpathogenic 
when administered alone ; the virus filtrate alone, on the other hand, pro- 
duced an extremely mild though contagious ailment. A mixture of the 
virus filtrate and pure cultures of the bacterium caused a prostrating illness, 
an extreme pneumonia identical clinically and pathologically with swine 
influenza. 

An example of synergism from the plant kingdom is a bacterial disease 
of ivy in which Burkholder and Guterman (7) found a nonpathogenic bac- 
terium to be associated with the pathogen Xanthomonas hederae (Arnaud) 
Dowson, and to produce an accelerating effect upon it. Plates were poured 
from lesions artificially produced by a mixture of the two organisms. Plates 
from small spots contained an approximately equal number of the two types; 
those from large lesions, on the other hand, contained a much greater number 
of the accelerating bacterium than of the pathogen. 

Brierley (4, 5) has presented evidence of an example of synergism in 
the plant virus field. He showed associated in the flecked mosaic of Easter 
lilies, a virus of the cucumber mosaic group and a virus causing breaking 
in tulips. 

The foregoing illustrations chosen from the field of infectious diseases, 
animal and plant, relative to interactions of associated organisms suffice to 
make clear their significance. They justify Waksman’s statement (34) 
previously quoted and show why, in testing breeding stocks and hybrids for 
disease resistance, it is imperative to know whether more than one organism 
is present in the inoculum. 

HISTORY OF THIS ASSOCIATION 

rhe circumstances leading to the discovery of the association under dis- 
cussion were as follows : In the course of mosaic-resistance tests being carried 
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on by W. J. Zaumeyer at The Plant Industry Station, Beltsville, Maryland, 
the attention of the writer was called to typical Xanthomo 7 ias 
lesions on a very high percentage of plants of a bean hybrid, later known as 
U.S. No. 5 Refugee. These had been inoculated about 3 weeks earlier with 
bean virus 1 from seed-infected bean plants. The primary leaves of the 
hybrid in question had been rubbed with the juice of trifoliate leaves of 
Stringless Green Refugee showing typical common bean mosaic symptoms 
but no bacterial lesions. 

The inoculated hybrid, which was mosaie-resistant, showed no mosaic 
symptoms, but, instead, widespread bacterial infection on the rubbed pri- 
mary leaves. This phenomenon had been observed in a number of earlier 
similar inoculation experiments. Furthermore, a great number of typical 
Xanthomo7ias phaseoli lesions had been observed also on the inoculated pri- 
mary leaves of mosaic-resistant Corbett Refugee and Robust beans tested by 
Zaumeyer with 3 clover mosaics: 1. Bad bacterial infection oecurred on Cor- 
bett Refugee inoculated wdth alsike clover mosaic. 2. There was slowly 
developing bacterial infection on Corbett Refugee inoculated with alsike 
clover mosaic IV. 3. Mild bacterial infection on Robust followed inocula- 
tion with red-clover mosaic. All of these clover mosaic viruses had been 
passed through bean previous to these inoculations. There had been no sign 
of bacterial infection on these bean plants used as inoculum for the tests 
here described. From all three sets of clover-mosaic- virus inoculations 
the writer isolated ^Gypical” Xcinthomonas phaseoli from the inoculated 
primary leaves of bean. 

Subsequently, on a number of occasions, the writer has had similar ex- 
perience when using as inoculum trifoliate leaves of Stringless Green 
Refugee grown from seed infected with bean virus 1. 

From the bacterial lesions on the primary leaves of the aforementioned 
hybrid (U.S. 5 Refugee) there was no difaculty in isolating ‘frypicaU' 
Xanthomonas phaseoli This was designated X. phaseoli ‘‘M-associate’V 
(that is, mosaic-associate), and was the isolate thereafter used for the 
majority of the experiments the first year of this investigation. 

Whence came the bacteria? In an attempt to answer this question, 
plates were poured from trifoliate leaves with typical mosaic symptoms but 
without signs of bacterial infection, i.e,, leaves resembling those used as 
inoculum for the aforementioned bean hybrid (U.S. 5 Refugee). From 
such leaves was isolated a comparatively small number of colonies of a yel- 
low organism which was later tentatively styled 

variant ‘"M-assoeiate.” This variant^ did not resemble the so-called ‘frypi- 
caU' X. phaseoliy either in the isolation plates or on potato cylinders. It 
was, however, capable of producing a bacteriosis similar to some types of 
X. phaseoli infection and appeared, in most cases, to revert within the plant 
to the ‘frypicaU^ X, phaseoli. 

2 This variant produces bright-yellow colonies with a wide, cross-hatched opalescent 
margin on pH 7.0 beef-infusion agar plates, and makes relatively scanb restricted deep- 
yellow growth on potato, a marked contrast to the characteristic copious ± fluid growth of 
^ ^ typical ' ' X. phaseoli. 
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At this early stage in the investigation it seemed apparent, therefore, 
that the bacteria had been masked in the mosaic inoculnm and introduced 
unwittingly therewith into the hybrid being tested for mosaic resistance. 

Since these early isolations, ‘typical’’ Xantliomonas pJiaseoli has been 
obtained repeatedly from Stringless Green Refugee trifoliate leaves showing 
typical mosaic infection and no bacterial lesions. It also has been isolated 
from Corbett Refugee trifoliate leaves with neither mosaic symptoms nor 
bacterial lesions. In all these later instances, however, the writer had 
knowingly introduced X. pJiaseoli or its variant into the plants. This was 
done by inoculating bean seedlings with a mixture of mosaic-virus-infected 
juice and pure single-colony cultures of the bacterium. 

The masking of Xantliomonas pJiaseoli also occurs in leaves and stems 
of Stringless Green Refugee free from mosaic infection (unpublished w’-ork), 
and, hence, is not dependent on the presence of the virus. But the fact that 
this seed-borne bacterial parasite is not infrequently masked in virus-in- 
fected tissues raises many questions and introduces an element of uncer- 
tainty into the present methods of testing bean breeding stock, varieties, or 
hybrids for mosaic resistance. It becomes of the utmost practical impor- 
tance, therefore, to determine whether antagonism or stimulation of one or 
both of the two infective agents results from their association in the host. 

MATERIALS AND METHODS 

Hosts 

The bean varieties used as hosts in these investigations were Stringless 
Green Refugee (susceptible to both the virus and the bacterium) and Cor- 
bett Refugee (mosaic-immune, Xantliomonas phaseoli-msaeptihle — one of 
the parents of the hybrid later known as U.S. No. 5 Refugee). Unfortu- 
nately, there is no known bean variety resistant to X. phaseoli 

Seed Stock 

The same line of Stringless Green Refugee was used throughout. The 
seed originally obtained from a reputable grower was assumed to be a pure 
line. The genetic purity of the line throughout these studies cannot be 
guaranteed, although no apparently off-type plants were noted. The seed 
used in these experiments was collected from healthy plants in the breeding 
plots grown by W. J. Zaumeyer at Greeley, Colorado, or from the writer’s 
uninoculated check plants grown therefrom. The same was true of Corbett 
Refugee. 

Inocula 

The following infective materials were used as inocula in the course of 
these investigations : 

1. Mosaic virus (bean virus 1, Marmor phaseoli) — juice from trifoliate 
leaves of plants grown from infected seed and showing typical symptoms of 
the common bean mosaic. 
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2. Xanthomoms p/ia^ec^ZV^'M-assoeiate’’ — isolated from mosaic-infected 
plants at various times. 

3. Xanthomonas phaseoli variant ^‘M-associate’ — an atypical, mildly 
pathogenic yellow form found (1) masked in typical mosaic-infected tri- 
foliate leaves and (2) in the petiole of a typical mosaic-infected trifoliate 
leaf in the leaf -blade of which ^^normaP^ X. phaseoli was masked. It some- 
times reverted to typical' ’ X. phaseoli in the host. 

4. Xanthomonas phaseoli — a number of isolates with no history of 
association with the virus. 

5. Mosaic virus plus the bacterium or its yellow variant — virus-infected 
plant juice to which single-colony cultures of the bacterium had been added : 
designated M + P and M + Pvar. 

6. Juice from plants artificially infected with both mosaic virus and 
b^-cterium in a series of direct passages from plant to plant with no inter- 
vention of culture media ; designated (M + P) and (M + Pvar) . 

In addition to the above, the writer has tested for pathogenicity bacterial 
forms encountered from time to time in the isolation plates from plants 
inoculated with the combined virus and bacterium. 

Isolations of bacteria were made on pH 7.0 beef -infusion agar. When 
plates were poured from trifoliate leaves showing no bacterial lesions, it was 
necessary to use a large quantity of the plant material for plating. 

Preparation of the Inocula 

Virus. In the earlier experiments the virus inocula were prepared by 
macerating the infected trifoliate leaves in a sterilized mortar and express- 
ing the juice. Later the infected material was merely crushed in the gauze 
pad used to apply the inoculum. In every case the leaves were collected and 
crushed just before using. 

Bactermm. The bacterial inocula consisted of sterile distilled water 
suspensions of the growth in young single-colony cultures grown on steamed 
potato cylinders. 

Mixed Inocula. When the bacteria were mixed with virus-infected juice, 
no preliminary water suspension of the bacterial growth was made (with a 
single exception), since bean virus 1 will stand but little dilution. The mix- 
ture was not allowed to stand, but was used immediately. Sometimes the 
potato cylinders themselves were macerated and incorporated with the bac- 
terial growth in the mixed inoculum. 

The juice of infected plants containing both virus and bacterium was 
obtained by crushing the trifoliate leaves or plant tops in the inoculating 
pad. (See Part II Serial passages.) 

Inoculation Methods 

The inoculations in these investigations were made on young seedlings 
having, as a rule, the primary leaves only. In the early experiments the 
leaves were supported by a wooden block and the inoculum was applied to 
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the under surface with a gauze pad. Sufficient pressure was exerted to 
cause considerable injury. Later, a pasteboard tag was substituted for the 
wooden block, which resulted in less severe but sufficient injury. Carbo- 
rundum was not used in the earliest experiments, but later was tried for a 
time. It was found to be quite unnecessary, and its use was discontinued. 

All inoculations were made in a greenhouse or in a screened house with- 
out glass. Plants were shaded for about 24 hours following inoculation. 

Uninoculated plants were always held as checks. These were isolated 
from the inoculated plants. They were not rubbed with distilled wuter, 
which has no effect on bean foliage, or with apparently healthy trifoliate 
leaves, lest the latter contain a masked parasite. In these studies, one of 
the main purposes of the checks was to determine whether there was seed 
infection. 

Abbreviations 

M — Mosaic virus 
P — ■Xanthomonas phaseoli 

Pvar — a yellow variant of Xanthomonas phaseoli 

(M + P) — juice from serial passages started with juice containing the virus i)lus ^‘typi- 
X, phaseoli 

(M + Pvar) — juice from serial passages started with juice containing the virus plus the 
yellow variant of X. phaseoli 
M-assoe. — bacterial isolate from a mosaic-infected plant 

PAET I 

EAELY ANGLES OF APPROACH 
EARLY GREENHOUSE EXPERIMENTS 

Inoculations were made in the greenhouse the latter part of April in 
order to test the pathogenicity of the original bacterial isolates wffiich had 
been found associated with the common bean mosaic (bean virus 1). The 
following inocula were used : 

1. Mosaic virus (bean virus 1, Marmor phaseoli) ; expressed juice from trifoliate 

leaves of seed-infected plants. . 

2. Xanthomonas phaseoli ‘ * M-associate.* ’ Isolated 6 weeks before from typical 
Z, phaseoli lesions on primary leaves of the hybrid later known as U.S. No. 5 Refugee, 
which had been inoculated with bean virus 1, but showed no virus symptoms*, young 
transfers on steamed potato cylinders from stock cultures on the same medium, kept in 
the refrigerator after the initial growth period of about 2 weeks. For Stringless Bean 
Refugee the whole culture, including the potato cylinder, was used ,* for Corbett Refugee 
the bacterial slime was scraped off and used undiluted.3 

3. Xanthomonas phaseoli variant ^^M-associateJ’ Masked in Stringless Green 
Refugee trifoliate leaves showing typical mosaic symptoms; isolated 11 days previously; 
young transfers on steamed potato cylinders as above. 

4. Mosaic virus Xanthomonas phaseoli ^ ^ M-associate/ ^ (Inoculum 1 + inoculum 2.) 

5. Mosaic virus Xanthomonas phaseoli variant ‘iM-assoeiate.’^ (Inoeulum 1 + 
inoculum 3.) 

Ninety-six plants that had not yet developed their trifoliate leaves were 
inociilated, 16 of each of the 2 varieties with the virus, and 8 with each of 
the other 4 inocula listed above.'‘ Fifty uninoculated plants ^vere held as 
checks. 

3 Later both varieties were tested with and without the incorporation of the potato 
cylinder in the inoeulum. The results obtained from the two methods were the same. 

It would have been desirable to have had more plants in these early experiments, but 
the available amount of seed stock with a known history wms limited at this time: 
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Virus Infection 

Most unexpected and thought-provoking results v^ere obtained from 
these early experiments. Stringless Green Kefugee plants, inoculated with 
the bacterium, Xanthomonas phaseoli “M-associate” (inoculum 2), showed 
typical mosaic symptoms on newly developing trifoliate leaves in 6 days. 
In 25 days, 75 per cent of the plants were similarly infected. This was as 
high a percentage of virus infection as occurred in the plants inoculated 
with the virus-bearing plant juice (inoculum 1) alone. 

Similar results were obtained on plants inoculated with Xanthomonas 
■phaseoli variant “M-assoeiate” (inoculum 3). The first mosaic symptoms 
appeared slightly earlier, that is in 4 days, and there was 75 per cent infec- 
tion in 12 days. (Table 1.) 

Both Xanthomonas phaseoli “M-assoeiate” and the yellow variant ap- 
peared to carry the mosaic virus and produce typical mosaic. The virus 
apparently persisted in steamed potato cultures of X. phaseoli for 6 weeks, 
although in the expressed juice of mosaic-infected plants it loses its virulence 
in 1 to 2 days at room temperature. 

It was carried apparently likewise in a virulent form by the variant for 
11 days. 

In this connection, it is interesting to note that Silber (29, 30, 31) and 
his colleagues preserved the vaccine virus for over IJ years in yeast cultures 
at room temperatures. The virus also was adsorbed by and grew on Staphy- 
lococcus. Poppe and Busch (22), using their methods, maintained the 
virus of foot and mouth disease through 60 passages on Torula rubra. 

The two sets of inoeula (inocula 4 and 5), each consisting of a mixture 
of virus-bearing plant juice with one of the two bacterial isolates, had a 
slightly shorter incubation period. They produced on Stringless Green 
Refugee some mosaic in 3 days, as did also the virus-bearing plant juice 
(inoculum 1) alone — an extremely short incubation period for bean virus 1. 
In 25 days the virus-bearing plant juice + variant “M-associate” (inoculum 
5) had produced 100 per cent mosaic infection, the virus-bearing plant juice 
alone had produced 75 per cent mosaic infection (Table 1, inoculum 1). 

The recorded increase in mosaic after 12 days in all except set 3 (Table 
1) is accounted for by the fact that only plants with unmistakable signs of 
typical common bean mosaic were entered in the table, and the majority of 
the additional infected plants recorded the 25th day had been labeled “pos- 
sibly infected” on the 12th day, e.g., the 4 additional plants in the virus set. 

The writer does not believe that there was any infection due to aphids. 
Neither the insects themselves nor traces of their work were observed at any 
time. 

No mosaic symptoms appeared on the resistant Corbett Refugee in any 
of the sets (Table 2). The cheeks remained free from virus infection. 

Bacterial Infection 

In regard to bacterial infection, the results on the two bean varieties, 
both Xanthomonas pTmseoli-suseeptible, were as follows : 



Visible bacterial infection produced /^TypieaP^ X. phaseoli 

isolated from mosaic- 


plants recorded the 25tli day were marked ^‘possibly infected’^ on the 12th day, e.g., all 4 of the additional infected plants in the virus se 
b Numerator represents" number of plants infected. Denominator indicates total imniber of plants inoculated, 
c Compare table 3 showing isolation of S opaque white colonies. 




Plated from dry bacterial ooze 65 days after inoculation j X. pJiaseoU variant probably dead therein. 
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Stringless Green Refugee {Table 1). Both Xamthomonas pliaseoli 
'‘M-associate” and the virus-bearing plant juice plus the same (inocula 2 
and 4) produced typical bacterial lesions on all the inoculated primary 
leaves. None v^ere visible on the trifoliate leaves. On the other hand, the 
variant failed to produce visible bacterial infection whether used alone or 
with the virus (inocula 3 and 5). Nor did the virus-bearing plant juice 
alone produce bacterial lesions. This fact indicated that in this case no 
“typical” Xanthomonas phaseoU was masked in the inoculum. 

Corleit Refugee {Table 2). The mosaic-immune variety was more 
severely infected by the bacteria than Stringless Green Refugee. In 4 of 
the 5 sets of inoculations (inocula 2 to 5), bacterial lesions were produced 
on the inoculated leaves and secondary infections appeared on the stems. 
Visible bacterial infection never appeared on the trifoliate leaves. Inocu- 
lations with the virus-bearing plant juice alone (inoculum 1) produced no 
sign of bacterial infection. Xanthomonas phaseoU variant “M-associate,” 
both alone and with the virus-bearing plant juice (inocula 3 and 5), was, 
however, more mildly infectious than the two inocula containing “typical” 
X. p/uiseo/i “M-associate” (inocula 2 and 4). It produced but scattering 
leaf lesions and much less stem infection. 

No bacterial infection appeared on the checks of either variety. 

Under the conditions of this experiment, the mosaic virus Marmor 
pihaseoli was not inactivated by Xanthomonas phaseoli “M-associate,” and 
vice versa. 

The mosaic virus was not inactivated by Xanthomonas phaseoli variant 
“M-assoeiate. ” The variant produced no bacterial symptoms on Stringless 
Green Refugee either alone or in combination with mosaic infected juice.® 
It did so on mosaic-immune Corbett Refugee, both alone and in association 
with the virus-bearing plant juice. 

Reisolation of ‘ ‘ Typical ’ ’ Xanthomonas phaseoli 

Wishing to watch the undisturbed development of these inoculated plants 
as long as possible, attempts at reisolation were too long deferred for best 
results, as it is often impossible to obtain “typical” Xanthomonas phaseoli 
from old leaf infections. However, “typical” Xanthomonas phaseoli was 
found mashed in the trifoliate leaves of both varieties— in Stringless Green 
Refugee in leaves showing typical mosaic, in Corbett Refugee in apparently 
perfectly sound leaves. In both cases the inoculum had been the mixture 
of virus-bearing plant juice and X. phaseoli “M-associate” (inoculum 4) 
(Tables land 2). 

In order to isolate the masked bacteria from such trifoliate leaves, it is 
necessary to use a great deal more material than is customary in pouring 
plates from visible bacterial lesions. Judging from the number of colonies 
appearing in very heavily sown plates, the “typical” Xanthomonas phaseoli 
is present in comparatively very small numbers, at least in a form capable 
of cultivation on pH 7.0 beef -infusion agar. 

•'■'Compare inoculations 2 months later (Table 4). 
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''TypicaP' Xantkomonas phaseoli also obtained from water-soaked 
spots on the inoenlated primary leaves of Corbett Eefngee inoculated with 
tke virns-bearing plant jniee pins Z. phaseoU variant /'M-associate’’ (in- 
oculum 5). These leaves showed bacterial lesions typical of X, pkaseoli 
Under the conditions of this experiment, the X. pkaseoli variant ''M-asso- 
eiate” had reverted in the host to what has long been considered normal or 
X . pkaseoli, (See Table 2.) 

Isolation of S® Opaque White Colonies 

Of special interest to the writer was the occurrence of smooth, shining 
opaque white colonies in the plates from all five sets of inoculations on 
Stringless Green Eefugee — even from the set inoculated with -the virus-bear- 
ing plant juice alone. (See Table 3.) 

These colonies were similar in appearance to those now and then encoun- 
tered in isolation plates of Xantkomonas pkaseoli in years past. They also 
resembled colonies of one of the forms appearing later in plates from serial 
passages of infected juice containing both X. pkaseoli and the virus. 

In the early greenhouse experiments under consideration they came up 
in considerable numbers in platings from the sets inoculated with the 3 
infective agents alone (inocula 1 to 3). They occurred in smaller numbers 
in plates from the 2 sets inoculated with a combination of the virus-bearing 
plant juice and the bacteria (inocula 4 and 5). 

No such colonies came up in the plates poured from 3 of the 5 sets of the 
inoculated mosaic-immune Corbett Eefugee.'^ No plates were poured from 
the 2 sets of this variety inoculated with virus-bearing plant juice (inoculum 
1) or with Z. ^^M-associate’^ (inoculum 2). 

This white form played a prominent role in dissociation studies, to appear 
in another paper. As had long been suspected by the writer, it was shown 
to be a mildly pathogenic variant oi Xantkomonas pkaseoli, 

FIRST SCREENED-HOUSE EXPERIMENTS 

The April experiments, described above, were repeated in the ensuing 
June and July. As hothouse temperatures run very high in summer, the 
plants were grown out-of-doors but under a 16-mesh® screened shelter for 
protection from the Mexican bean beetles. This of course reduced the light 
considerably and lowered the temperature somewhat. Nevertheless good 
infection resulted from both the virus-bearing infected juice and Xantko- 
monas pkaseoli (Table 4). 

In addition to the 2 isolates that had appeared to be mosaic-virus car- 
riers in the previous experiment (Table 1) ^ Xantkomonas pkaseoli tvom d 
third source was tested. This isolate had no history of an association with 
the virus. It had been obtained from spotted Lima-bean pods from Cuba 

6 Smooth and sMning. . 

7 In later experiments, however, S opaque white colonies came up in isolation plates 
from Corbett Refugee ihpculated with virus-bearing plant juice plus another strain of 
Xanthomonas phaseoU. No typical X. p/mseoZi was present. 

8 Replaced by 8-mesh after the first summer. 
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and was designated X. fhaseoU Cuba Strain. It bad been isolated about 6 
nioiitbs earlier and kept in stock cultures on steamed potato cylinders in 
the refrigerator. 

No other isolates of Xanihomoms phaseoli were available for testing in 
the screened house at this time. 

Inoculations with the Bacteria Alone 

Because of delays in the construction of the screened house, this inocu- 
lation experiment was about 2 months later than the greenhouse experiments. 
By this time hoih Xmiihomonas phaseoli ‘/M-associate'’ and A", phaseoli 
variant ''M-assoeiate'' no longer appeared to carry the virus."^ Each isolate 
caused bacterial infection on each bean variety. 

Of the two ^'M-associates,’’ Xanthomonas phaseoli variant was very 
much the less virulent (Table 4, No. 4). It is of considerable interest to 
note that when seemingly freed of its mosaic virus, the weakly parasitic 
variant was able to produce bacterial lesions on Stringless Green Eefugee. 
This had not been the case when it appeared to be carrying the virus, al- 
though it had been able to do so on the mosaic-immune Corbett Kefugee 
(Tables 1 and 2). 

Xanthomonas phaseoli Cuba Strain (Table 4, No. 3) produced 100 per 
cent bacterial infection in both bean varieties, but no mosaic. This isolation 
had been growing on potato cylinders 6.4 months when tested. 

Inoculations with the Virus-bearing Plant Juice Alone 

The mosaic-virus-bearing plant juice alone produced 75 per cent typical 
mosaic on Stringless Green Eefugee in 14 days, and none on Corbett Eefugee 
(Table 4, No. 1). There was no evidence of bacterial infection on either 
variety, indicating that there had been no masked '‘typicaP’ Xanthomonas 
phaseoli in the virus inoculum. 

Tests of the juice of Corbett Eefugee trifoliate leaves 20 days after rub- 
bing the primary leaves with virus-bearing plant juice showed that the 
virus had not been able to maintain its existence in this mosaic-immune 
variety. Juice of the Stringless Green Eefugee inoculated at the same time 
transmitted the virus readily. 

Inoculations with Combined Bacteria and Virus-bearing Plant Juice 

Of the two combined inocula, only that containing the weaker bacterial 
parasite, Xanthomonas phaseoli variant ‘‘M-associate” (Table 4, No. 6), pro- 
duced any mosaic on the very susceptible Stringless Green Eefugee. The 
reason for this is not clear. Is it because this variant with only^ mild 
pathogenicity offered less competition to the mosaic virus ! 

9 These two isolates had been growing 3 and 2 months, respectively, on steamed potato 
cylinders which for this organism eonstitute an excellent culture medium if not over-cooked 
and if supplied with sufficient water to cover about half the cylinder. The cultures had 
been stored in the refrigerator after good growth had taken X3lace. Young transfers on 
potato cylinders were used as inoculum. 
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As will be noted in table 4, tbe inoculations with the combination inocula 
containing the very virulent Xanthomonas phaseoli ^^M-associate” on the 
one hand and the mildly pathogenic variant on the other (Nos. 5 and 6) were 
made on the same day and hence under similar conditions. The source of 
mosaic virus was also the same, yet the combination inoculum containing 
the variant produced 28.6 per cent mosaic in 12 days, the other none. 

Both (5 and 6) produced bacterial infection. As in the April experi- 
ment, Xanthomonas pteeoii variant reverted to ‘‘typical” X. p/iaseoH in the 
host (Tables 2 and 4). The 50 uninoculated plants remained healthy. 

S Opaque White Colonies 

S opaque white colonies like those recorded in the first inoculation 
experiment (Table 3) came up in considerable numbers in plates from 
month-old inoculations on Corbett Refugee. The inoculum in this case was 
Xanthomonas phaseoli Cuba + mosaic virus. The plants had shown 100 per 
cent “typical” X. phaseoli infection. No “typical” X. phaseoli appeared 
in these plates, although they were poured from a characteristic X. phaseoli 
lesion. On the other hand, the “typical” X. phaseoli was isolated the same 
day from Stringless Green Refugee, which had been inoculated at the same 
time and with the same inoculum. In this set of plates no S opaque white 
colonies appeared. Both platings were from old lesions, and long experience 
in isolating this organism has shown that the results of plating from dried 
tissues are extremely variable. 

This set was not grouped with those in table 4 because, unlike sets 5 and 6, 
therein, a sterile distilled water suspension of the bacterium had been added 
to the plant juice containing the virus, thus diluting it considerably. No 
mosaic was produced. 

TESTS on ADDITIONAL ISOLATES OP XANTHOMONAS PHASEOLI WITH NO HISTORY 
OP ASSOCIATION WITH THE MOSAIC VIRUS 

On November 16, the writer tested on Stringless Green Refugee and Cor- 
bett Refugee 2 recently obtained isolates of Xanthomonas phaseoli^ unassoci- 
ated with mosaic, viz. : 

1. Xanthomonas phaseoli^ “Barclay” strain, isolated in July from young 
infections on leaves of bush Lima bean grown at Barclay, Maryland (3.6 
months on steamed potato cylinders). 

2. Xanthomonas ptoeo?i)“Asgrow” strain, isolated in October from the 
defoliated tip of an Asgrow Stringless Green Pod plant from a test plot at 
Beltsville, Md. (5 weeks on steamed potato cylinders). The plants in the 
plot had been grown from seed stock used in a Maryland field where about 
50 per cent of the plants had been reduced to “sticks” through defoliation. 

3. For comparison, an “M-associate” isolate obtained in August from a 
trifoliate leaf with typical mosaic symptoms but no bacterial lesions.^® It 

10 From screeaed-lioBse moealations of July 3, with the weakly parasitic Xanthomonas 
ptoeoH variant ^^M-assoeiate’’ + virus-infected juice (Table 4, No. 6). 
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had been growing 3.4 months on steamed potato cylinders and was a rever- 
sion of the original yellow “M-associate” variant to “typical” X. pMseoli. 

In addition to the pure culture inoculations with isolates 1 to 3, three 
sets of plants were tested with these isolates plus virus-bearing plant juice, 
and a fourth set with the virus-bearing plant juice alone. The juice of 
typical mosaic-infected trifoliate leaves was used as inoculum, from plants 
grown from virus-infected seed. 

The following results Avere obtained: 

1. All 3 bacterial isolates caused 100 per cent severe bacterial infection ; 
none produced mosaic. The “M-associate” isolate (No. 3) apparently had 
not carried the virus for 3.4 months in its stock cultures. 

2. The virus-bearing plant juice alone produced 60 per cent mosaic in 
17 days. There was no bacterial infection, which indicated that the inoculum 
had contained no masked Xanthomonas phaseoli. 

3. Three sets inoculated Avith a combination of the virus with each of 
the 3 isolates, respectively, showed good bacterial infection but no mosaic. 
The lack of virus infection in this case was puzzling, especially in view of 
the 60 per cent mosaic produced by the virus-bearing plant juice alone with- 
out the use of carborundum. Was it because these very virulent bacterial 
isolates had offered too much competition to the virus? 

4. With its reversion in the host to a “typical” Xanthomonas phaseoli 
strain (isolate 3), the original yellow “M-associate” variant had greatly 
increased in virulence. 

5. A few of the S opaque white colonies previously mentioned (Table 3) 
were associated with “typical” Xanthomonas phaseoli in isolation plates 
poured 13 days after the inoculation of Stringless Green Refugee with X. 
p/iaseoK, “Asgrow” strain (isolate 2). 

TYPES OF BACTERIA ISOLATED FOLLOWING AN IN VIVO ASSOCIATION OP 
XANTHOMONAS PHASEOLI CUBA STRAIN^^ AND THE MOSAIC 
VIRUS; MARMOR PHASEOLI 

From February and March inoculations on Stringless Green Refugee 
with Xanthomonas phaseoli Cuba strain plus the mosaic-virus-bearing plant 
juice a number of types of bacteria were isolated. The above sets of inocu- 
lations had resulted in 44 to 694 per cent mosaic and a mild bacterial infec- 
tion. In addition to “typical” X. phaseoli, the following isolates were 
obtained: 

1. Xanthomonas phaseoli variant-2,^^ a yellow isolate from the petiole 
of a typical mosaic-infected trifoliate leaf of Stringless Green Refugee. 
This was isolated 29 days after rubbing the primary leaves with the mixed 
inoculum. Typical” X. phaseoli was isolated on the same day from the 
blade of the same trifoliate leaf. It was masked therein. Like the original 

An isolate from Cuba with no history of association with virus. ' . 

12 Resembling the original yellow variant used in the first experiments. This is the 
Pvar. used later in the serial passages of plant juice containing mosaic virus plus Xantho- 
monas phaseoli YSLTisLnt. 
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yellow variant w^lien first isolated, X. pJiaseoli variant-2 produced no visible 
infection on Stringless Green Eef ngee leaves (Table 1). It produced in- 
fection on pods, however, and did not revert to the 'HypicaP’ X. phaseoli 
therein. The original yellow variant had so reverted in the leaves of Cor- 
bett Refugee (Table 2) and, later, in Stringless Green Refugee (Table 4, 
No. 6). 

There was no evidence that variant-2 carried the virus. 

2. Smooth, shining white colonies. These were associated in the isolation 
plates with Xanthomonas phaseoli variant-2 above. They were non-patho- 
genic or mildly pathogenic. 

3. S pink colonies also associated with Xanihomonas phaseoli variant-2; 
non-pathogenic. 

4. Smooth, shining, round, opalescent, rather coarsely cross-hatched 
colonies that attained a diameter of 7-9 mni. in the most thinly sown plates; 
producing no trace of green fluorescence in pH 7.0 beef-infusion agar stabs; 
isolated from Stringless Green Refugee inoculated 18 days previously with 
the combined virus-bearing plant juice and X. phaseoli Cuba strain. 

The plates were poured from trifoliate leaves with typical mosaic symp- 
toms but no bacterial lesions. The colonies appeared in 2 days in consider- 
able numbers (160 cir. in the most heavily sown plate). Four days later a 
second organism (yellow) appeared in much smaller numbers (25 in the 
most heavily sown plate (see No. 5 below) ). Nothing resembling 'ttypicd^^ 
Xanthomonas phaseoli or the original yellow variant ever came up in these 
plates from the mosaic-infected trifoliate leaves, although the X^. phaseoli 
Cuba strain used in the combination inoculum was a virulent strain and 
typical X. phaseoli lesions had appeared on the rubbed primary leaves in 4 
days. The cross-hatched, opalescent colonies above described were extremely 
pathogenic to pods (prick inoculations), whence they were recoverable. 
They also produced infection of the stem and pulvinus but no visible infec- 
tion on sprayed, pricked leaf blades of Stringless Green Refugee. 

5. The yellow organism associated with the preceding in the isolation 
plates was, to all appearances, also pathogenic to pods (prick inoculations), 
but was never recovered therefrom (5 sets of plates from 3 infected pods). 
On the contrary the very pathogenic (to pods) organism with smooth, 
opalescent, cross-hatched colonies (see No. 4 above) came up in the plates 
from all three of these pods (in pure cultures from two of them) . In the 
third pod it was associated with a green fluorescent organism as well, which 
was likewise pathogenic to pods (prick inoculations) and recoverable from 
the infected tissues. 

This series of isolations of various bacterial types from plants inoculated 
with a strain of Xanthomonas phaseoli of known virulence combined with 
virus-bearing plant juice cannot be viewed as proof that variation resulted 
from the action of the virus upon the bacterium, but such occurrences under 
these circumstances are interesting and should be recorded as a part of these 
association studies. As previously stated S white colonies have been en- 
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countered now and then in isolation plates of X. pkaseoli from bean plants 
showing no mosaic symptoms. The same is true, though very much more 
rarely, of pink colonies. The other forms have not been noted in isolations 
from mosaic-free plants. 

TESTS op NANTHOMONAS PHASEOLI AND X. PHASEOLI VARIANT-2 AFTER 6 TO 63 
days ’ GROWTH IN VITRO FOLLOWING AN IN VIVO ASSOCIATION WITH THE 
VIRUS LASTING 28 TO 53 DAYS 

In the early experiments, cultures of Xanthomonas pkaseoli and the 
yellow variant, both M-associates, appeared to carry the virus in a virulent 
form as long as 6 weeks. After 2 or more months in stock, the cultures seem- 
ingly lost their ability to produce mosaic. To what extent might number of 
days’ growth ‘in vitro and of association with the virus in vivo he factors 
determining whether or not the bacterium could be a carrier of the virus? 

In an attempt to shed some light on this question, a series of inoculations 
was made with isolates with histories of 6 to 63 days in vitro after previous 
association for 28 to 53 days with the virus m mm 

The inocula consisted of all isolates in stock that had a history of associa- 
tion with the virus in vivo, viz. : 

Isolate 1. Xanthomonas pkaseoli isolated from the blade of a typical 
mosaic-infected trifoliate leaf (from a plant inoculated with mosaic- 
virus-bearing plant juice plus X. pkaseoli Cuba strain. 

Isolates 2, 3 and 4. Descendants of Isolate 1, after 1 or 2 passages through 
the plant in company with the virus-bearing plant juice. 

Isolate A. Xanthomonas pkaseoli variant-2 isolated from the petiole 
of the same trifoliate leaf as Isolate 1 (plates poured the same day). 

Isolates B and C. Descendants of Isolate A after subsequent passage 
through the plant in company with the virus-bearing plant juice. 
Young cultures on steamed potato cylinders were used. Details of the 
in vitro and in vivo history of the isolates follow: 

Xantkomonas pkaseoli: 

Isolate 1. Tested after 7, 14, 16, 27, 36, 37 days in mfro/ previoiLsly 
associated with the virus m vivo 29 days. 

Isolate 2. Tested after 27, 35, 47 days in vitro; previously associated 
with the virus in vivo 28 days. 

Isolate 3. Tested after 63 days m vitro; previously associated with 
the virus m mtm 28 days. 

Isolate 4. Tested after 6 days in vitro; previously associated wuth 
the virus in vivo 49 days. 

Xanthomonas pkaseoli variant-2; 

Isolate A. Tested after 15 and 16 days in vitro; previously asso- 
ciated wdth the virus in vivo 29 days. 

Isolate B. Tested after 12 days in vitro; previously associated 'with 
the virus 53 days in vivo. 

Isolate C. Tested after 17 days in vitro; previously associated with 
the virus in vivo 53 days. 
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No mosaic was produced in any of the 15 sets of leaf -inoculations (all 
made, on Stringiess Green Eefugee). In other words there was no evidence 
that in these cases the bacterium was carrying the virus. 'When these same 
isolates were combined with mosaic-virus-bearing plant juice, mosaic was 
always produced. 

There was, furthermore, no indication that association with the virus 
in vivo for 28 to 53 days had lessened the ability of typical’' Xanthomonas 
phaseoli to produce bacterial lesions. X. phaseoli variant-2, on the other 
hand, produced no bacterial lesions on leaves. Other tests proved it to be 
infectious to pods after 9 and 55 days in vitro, following 29 days’ association 
with the virus m mho. 

By this time it was apparent that mere association per se was not the 
sole answer to the surprising results obtained in the first experiment. At 
that time inoculation with seemingly pure cultures of Xanthomonas phaseoli 
and X. phaseoli variant, each of which had been associated with the mosaic 
virus in vivo (Table 1), had produced 75 per cent typical mosaic on plants 
grown from seed collected by W. J. Zaumeyer, from healthy plants in his 
Greeley, Colorado, breeding plots. There had been no sign of seed infection 
in the 50 uninoeulated checks. 

At this point the problem was attacked from a new angle. 

PART II 

SERIAL PASSAGES OF ASSOCIATED INFECTIVE AGENTS 

The association of the mosaic virus and Xanthomonas phaseoli occurs 
under natural conditions in the seed. The two original bacterial carriers 
of the mosaic virus had such an origin. This association may have been 
going on indefinitely for many generations. These facts led to the con- 
clusion that it would be desirable to know what wnuld be the effect of 
continual uninterrupted association of the virus and the bacterium in the 
bean plant without any intervention of culture media. Accordingly, after 
the 1-J years of preliminary work reported in Part I, there were inaugurated 
2 sets of serial passages of juice containing the two infective agents. String- 
less Green Refugee, susceptible to both pathogens, was used as the host plant. 

For the sake of brevity the 2 series will be designated (M + P) and 
(M + Pvar) with superscripts indicating the number of the serial passage. 

The work herein described covers 50 serial passages and a period of 

years. The writer will not attempt to give the details of the individual 
passages, but will point out the facts that have stood out as high lights in 
this period of uninterrupted association in vivo of the infective agents. 

MATERIALS ANU METHODS 

Inocula 

The inocula used to inaugurate the serial passages were : 

1. (M + P) : Juice from typical mosaic-infected trifoliate leaves of 
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Stringiess Green Kefugee beans. The plants had been inoculated 3 weeks 
before^^ with Xanthomonas phaseoli + mosaie-virus-bearing plant juice. 

2. (M + Pvar) : Juice from similar trifoliate leaves from plants inocu- 
lated 3~| weeks bef ore^^ with X. phaseoli vai’iant-2 + mosaic- virus-bearing 
plant juice. 

Both the Xanthomonas phaseoli and the X. phaseoli variant-2 which were 
contained in juices 1 and 2 had descended via a short series of plant passages 
and re-isolations from the same typical mosaic-infected trifoliate leaf.^® 
X. phaseoli had been isolated from the leafblade and X. phaseoli variant-2 
from the petiole on the same date. 

Methods of Inoculation 

The methods pursued during these serial passages were similar to those 
previously described with the exception that in this case no cultures of the 
bacteria were used. The only inoculum was juice containing the virus and 
one of the bacterial isolates. For each serial passage juice from plants of 
the preceding one was used as inoculum. 

As a rule the passages were made at 3-week intervals. Carborundum was 
found unnecessary and was discontinued after the fifth serial passage. 
There was an average of 20.9 inoculated plants in each set. 

Numerous uninoculated checks were held throughout the period of inves- 
tigation and the total incidence of mosaic among them was less than 0.4 
percent. There was still less bacterial infection. 

Although the possibility of occasional seed infection cannot be ruled out 
absolutely, there is overwhelming evidence, as seen above, of the disease- 
free character of the seed stock of Stringiess Green Eefugee as a whole. 

HIGH LIGHTS IN SERIAL PASSAGES 

I. The Virus 

1. Domination of the Virus: Prom the beginning domination of the virus 
has been observed, and has become increasingly more apparent as the serial 
passages increased in number. 

2. Increasing Percentage of Mosaic Infection with Increased Number of 
Serial Passages, (M + P) : Prom an average of 60.7 per cent mosaic in the 
first 10 serial passages the amount of virus infection rose to 100 per cent 
throughout the fifth decad. The maximum, minimum, and average per cent 
of virus infection in the sets of the 5 decads are shown in table 5 together 
with the numbers of sets showing the indicated percentages and the numbers 
of inoculated plants on which the pei’centages are based. 

(M + Pvar) : The rise in the amount of infection in this series was only 
slightly less spectacular than was that in (M + P). Details of maximum, 
minimum, and average infection are shown in table 6. 

13 Showed 48 per cent mosaic and considerable Xanthomonas phaseoli infection. 

14 Showed 100 per cent mosaic and little if any sign of bacterial infection. 

15 From a plant inoculated with Z. phaseoli Cuba Strain 4- mosaic-virus-bearing plant 
juice. 
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TABLE 5. — Serial passages of (M + F) 


(M + P) series 

Maximum virus 
infection 

Minimum virus 
infection 

Average virus 
infection 

Feead 

Fer cent 

Fer cent 

Fer cent 

1st 

(199 plants) 

100 (3 sets— 32/32) 

14.3 (1 set— 2/14) 

60.7 

2nd 


53.3 (1 set— 8/15) 


(201 plants) 

3rd 

(193 plants) 

100 (2 sets — 43/43) 

78.6 

100 (2 sets— 38/38) 

31 (1 set — 5/16) 

63.0 

4th 


80 (2 sets— 24/30) 

92,3 

(218 plants) 

5th 

(233 plants) 

100 (3 sets— 71/71) 

100 (10 sets— 233/233) 


100.0 


3. Sttdden Onset of Vltra-severe Mosaic Infection: In the beginning, 
and for 37 succeeding serial passages, the mosaic infection in both series 
was, on the whole, mild. Only moderate stunting and a few typically in- 
fected (curled and mottled) trifoliate leaves were produced. With the 38th 
serial passage (both series),"^® however, there was in all the inoculated plants 
a sudden onset of an ultra-severe form of mosaic. This continued with all 
succeeding passages throughout the 50 here described. Possible reasons for 
this sixdden change in degree of virulence will be discussed later. 

In the ultra-severe mosaic there was extreme dwarfing and bunching of 
tiny shoots (Fig. 1). The majority of the trifoliate leaves were minute 
and more or less filiform; many of them consisted of little more than a 
midrib. The primary leaves and the larger trifoliate leaves, if any, showed 
striking discoloration and very conspicuous veining. This was unlike the 
typical mosaic mottling, and indicated extreme disturbance of the physiologi- 
cal functioning of the plant. Only an occasional plant produced pods or 
even blossoms. At this point the waiter found it necessary to use whole tops 
of plants instead of selected trifoliate leaves as inoculum. 


TABLE 6. — Serial passages of (M + PtJar) 


(M + Pvar) 
series 

Maximum virus 
infection 

Minimum virus 
infection 

Average virus 
infection 

Becad 

1st 

Fer cent 

Fer cent 

Fer cent 

(203 plants) 

2nd 

100 (1 set— 16/16) 

28.6 (1 set— 2/7) 

62.1 

(199 plants) ; 

3rd 

91 (1 set— 21/23) 

15.4 (1 set— 4/26) 

53.8 

(171 plants) 

4th 

100 (2 sets— 26/26) 

21.7 (1 set— 5/23) 

67.0 

(219 plants) 

5th 

100 (3 sets— 61/61) 

52 (1 set— 13/25) 

77.4 , , 

(257 plants) 

100 (9 sets— 224/224) 

84.8 (1 set— 28/33) 

■ 

98.5 


It is interesting to note that, since for various reasons the (M + Pvar) serial pas- 
sages fell 2 behind those of (M4-P), the 38th serial passages of the 2 sets did not occur 
on the same date. That of (M + Pvar) was made on January 16: that of (M + P) on the 
28th of the preceding November, or 2 years months and 2 years 3 months, respectively, 
after the inception of the serial passages. Light conditions, according to the Weather 
Bureau, were approximately the same on the 2 dates. 




Fig. 1. A. Striiigless Green Refugee bean plants 6 weeks after inoeulation (when 
13 days old) with the 37th serial passage of mosaie-virus-bearing plant juice plus Xan~ 
iJi07nonas phaseoU, (M + P) 38 ^ showing extreme dwarhiig, bunching, and discoloration; no 
pods or blossoms. B and C. Details of above. D. Plants (in background) similarly 
inoculated with the 39th serial passage of virus and bacterium, (M + Py-^o^ 7 weeks after 
inoculation ; portion of uninoculated check below^ 
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11. The Baetermm 

The following observations apply to both series, (M + P ) and (M + Pvar) . 

1. Comparatively Inconspicuous Bacterial Symptoms. The baeteida in 
association with the mosaic virus in these serial passages have always ap- 
peared to play a subordinate role. They have, as a rule, produced rather 
inconspicuous symptoms confined to the inoculated primary leaves. These in 
most eases might be easily overlooked. On the other hand, there were 
occasional severe symptoms caused by bacterial infection. 

2. Sudden Disappearance of the Bacterial Symptoms. All bacterial 
symptoms suddenly disappeared after 25| months of uninterrupted associa- 
tion of the infective agents in vivo ((M + P)^® and (M + Pvar)®^) and 
shortly before the onset of the ultra-severe form of the mosaic. After 10 
successive passages, covering a period of 7 5/6 months, they reappeared on 
the inoculated primary leaves. 

3. Recovery of Typical Form of Xanthomonas phaseoli from Serial 
Passages. Even though bacterial symptoms were only rarely more than 
barely noticeable, it was usually fairly easy, before their complete disappear- 
ance, to recover the typical form of X. phaseoli from those trifoliate leaves 
showing mosaic but no bacterial symptoms. 

Such isolates were always virulent when tested. Extremely virulent 
isolates of Xanthomonas phaseoli were obtained, in fact, from the second 
serial passage (both series) preceding^^ the one in which bacterial symptoms 
were wholly lacking. These isolates were entirely ‘HypicaP’ in appearance 
in the plates and on steamed potato cylinders. X. phaseoli variant had 
reverted long since to the ‘‘normaP’ form. The above X. phaseoli isolate was 
one of those later used in dissociation experiments that furnished a spec- 
tacular demonstration of the changes seemingly undergone by the bacterium 
in its long, uninterrupted sojourn in the plant in association with the virus. 
This will be discussed later. * 

Typical Xanthomonas phaseoli also was isolated from both (M + P) and 
(M + Pvar)®^, the sets immediately preceding the disappearance of all signs 
of bacteidal infection. These isolates were not tested for pathogenicity. 

Plants inoculated with 4 out of 20 isolates tested showed, in addition to 
bacterial infection, a small amount of mosaic, as follows: Isolate 1: from 
(M + P)^: 13.3% mosaic— 2/15; Isolate 2: from (M + P)®: 6.9% mosaic^ — 
2/29; Isolate 3: from (M + PYar)^S 13.6% mosaic — 3/22; Isolate 4: from 
(M + P) : 4.8% mosaic— 1/21. The approximately 200 plants used as 
checks in testing these 20 isolates showed but 1 ease of mosaic, or 0.5% 
( 1 / 200 ). 

4, Dissociating S Yellow Xanthomonas phaseoli Colonies. Some of the 
plates poured, both before and after the onset of the ultra-severe mosaic, 
contained dissociating colonies of the 'typical’/ S yellow form of 
Xanthomonas phaseoli. Some of these colonies were very striking in appear- 

17 + P) 34 and (M + Pvar) 32. These had shown 92 per cent and 95 per cent mosaic, 

respectively, eomhined with 100 per cent good hut not severe bacterial infection. 
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anee (Fig. 2) . They ranged from S yellow colonies with S white marginal 
fan-shaped outthrusts to those in which all the periphery was S white, while 
the S yellow was reduced to a central portion resembling a 3- or 4-petalled 
flower. Sometimes there were islands of S white in the “typical” S yellow 
growth. 

5. Isolation of Atypical Forms. Following the disappearance of the 
bacterial symptoms, the writer was unable to isolate “typical” Xanthomonas 



Fig, 2. Diagrammatic representation of dissociating colonies of Xanthomonas 
phaseoU in pH 7.0 beef -infusion-agar plates from serial passages of (M-fP) and 
(M + Pvar) — ^bean plant juice containing the mosaic virus plus the bacterium or its 
variant. The shaded portion represents what remains of the ^HypicaF^ S yellow j the 
unshaded area, the mil&y pathogenic white variant. 

phaseoU until the symptoms reappeared. On the other hand, the number of 
S opaque white eolonies steadily increased. During the first year they •were 
present in only 15 per cent of the serial passages from which platings were 
made ; in the third year, in 68.8 per cent. In the early part of the third year, 
the bacterial symptoms had disappeared and the sudden onset of ultra-severe 
mosaic followed shortly thereafter. 

An S pink form, has occurred much less frequently and usually in smaller 
numbers, but has been found now and then ever since the serial passages 
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began. When it appears it is in most cases a minority group associated 
with ^HypicaP’ Xanthomonas phaseoli or the S opaque white colonies. 

Pin-point colonies w^ere now and then encountered in large numbers. 
They sometimes far outnumbered those of the ^HypicaP’ Xanthomonas 
phaseoli. There were also colorless zt colonies with filamentous out- 
growths of the Medusa-head type. Microscopic examination of the latter 
showed that they were made up of filaments. 

At this point it seemed apparent that the bacterium had been undergoing 
some change during its association with the virus in vivo. In order to shed 
some light on this phase of the interaction of the two infective agents, dis- 
sociation experiments were undertaken. The results of those studies will 
be reported in a second paper. 

DISCUSSION 

1. Did the bacterium carry the virus at any time during the experiment f 
There were more negative than positive results. The fact, however, that it 
appeared to carry the virus in the first experiment and to a lesser degree in 
the case of 4 isolates from the serial passages of (M + P) and (M + Pvar) is 
thought-provoking and worthy of record. In this connection it is of inter- 
est to note the order in which the mosaic symptoms appeared in relation to 
the location of the pots in the following two cases in the first greenhouse 
experiment : 

A. In inoculations with Xanthomonas phaseoli M-associate April 26 
(Table 1, inoculum 2) mosaic appeared as follows : 


Pots in 

order of 6 days 8 days 12 days 20 days 25 days 
inoculation 

Pot 1 0 0 0 0 1/2 

Pot 2 1/2 2/2 2/2 2/2 2/2 

Pot 3 0 ? • ? ? 1/2 

Pot 4 .: 0 0 0 1/2 2/2 


Note: Numerator indicates number of plants infected; denominator, the number 
inoculated. 

Prom the above data the writer concludes : 

a. If pots 1, 3 and 4, had had infected seed, mosaic w’^ould probably have 
appeared sooner. 

b. If pot 2 had had infected seed, infection would probably have been 
carried by the inoculating pad to pots 3 and 4 in which mosaic would in all 
probability have shown up sooner. 

B. In inoculations with Xanthomonas phaseoli variant (Table 1, inocu- 
lum 3) mosaic symptoms appeared as follows : 

Pots in 


order of 
inoculation 

6 days 

8 days 

12 days 

20 days 

25 days 

Pot 1 

1/2 

2/2 

2/2 

2/2 ■ 

2/2 

Pot 2 

0 

?/2 

?/2 

?/2 

1/2 

Pot 3 

1/2 

1/2 

2/2 

2/2 

2/2 

Pot 4 

1/2 

1/2 

2/2 

2/2 

2/2 


Note: Numerator indicates number of plants infected; denominator, the number 
inoculated. 
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From this the writer concludes : 

a. Pot 1 seemingly did not have seed infection as mosaic did not spread 
from it to pot 2. 

b. Pots 3 and 4 may have contained infected seed, though the possibility 
seems remote in view of the facts that the 50 check plants showed no mosaic 
symptoms and no aphids or evidence of their work were observed at any time. 

2. Were the sudden onset of the ultra-severe mosaic and its persistence 
due to the long in vivo association with the bacterium? This cannot be 
answered by yes or no. Another virus may have come into the picture or 
there may have been virus mutation. 

Bean virus 4, which was discovered in Louisiana two years later and 
gives very mild symptoms on Stringless Green Eefugee (38), was tested in 
later studies in combination with bean virus 1. It did not increase the viru- 
lence of the latter (unpublished w^ork) . No carborundum was used, 

3. Did the virus influence the tendency of the bacterium to dissociate? 
The writer believes this to be the ease, although this question cannot be 
definitely answered until a study has been made of serial passages in String- 
less Green Eefugee bean plants of ^HypicaP’ Xanthomonas %>}iaseoli alone 
to determine whether the host can produce such an effect. Comparative 
dissociation studies of an isolate from the 34th serial passage of (M + P) and 
of a ^GiormaP’ strain of Xanthomonas phaseoli showed that changes had 
occurred in the bacterium during its 2 years’ in vivo association with the 
virus, W'hatever may have been the cause (unpublished work). 

This paper raises more questions than it ansTvers. The writer feels that 
it is thought-provoking and submits it in the belief that it is worth while for 
an investigator to share with fellow workers observations that are sometimes 
puzzling. Later discoveries often explain results that were unintelligible 
in the past, and show them to be of outstanding importance. Such has been 
the history of the progress of science through the ages. 

The pathologists are, in contra-distinetion to some other groups of biolo- 
gists, working with two living variables, the host and the parasite. In the 
case under consideration there are three, granted, for the sake of the argu- 
ment, that the virus belongs to the realm of living things. 

Till comparatively recent years the majority of bacteriologists have 
considered as contaminants such variants as they encountered and have 
made no study of their possible significance. Now, however, the days 
when a bacteriologist was considered a heretic if he questioned the fixity 
of species, are no longer wuth us. A certain amount of variation might 
now be considered the rule rather than the exception. There is variation 
even among the progeny of single cells! Mellon’s (19) phrase ‘‘The poly- 
phasic potencies of the bacterial cell” expresses very well the view of many 
present-day bacteriologists. 

The virus is even more of an enigma. There is, as yet, no complete ac- 
ceptance of any one theory as to its nature, although it has been demon- 
strated that several plant viruses can be obtained in purified form as 
crystalizable proteins of extremely high molecular weight. 
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Of the host we are much less ignorant but there still are many unsolved 
problems that confront the investigator of the host-parasite relationship. 

With this apologia, the writer submits the following summary : 

summary 

These studies were undertaken for the purpose of determining (a) 
whether mutual or unilateral antagonism or stimulation resulted from the 
in vivo association of the two seed-borne infective agents, XantJiomonas 
phaseoli (E. P. Sm.) Dowson and the virus of the common bean mosaic 
Marmor phaseoli Holmes (bean virus 1) ; (b) the application of any such 
interaction to the problems of breeding for disease resistance. 

The expressed juice of mosaic-infected trifoliate leaves of Phaseolus vul- 
garis L. used by an associate in testing for mosaic-resistance a bean hybrid 
(later known as U.S. No. 5 Refugee) produced widespread typical Xanilio- 
monas phaseoli lesions on the rubbed primary leaves. 

Virulent Xanthomonas phaseoli and a less pathogenic yellow variant of 
the same were found by the writer to be masked in trifoliate bean leaves 
showing only symptoms of typical common bean mosaic. 

Seventy-five per cent typical mosaic developed in one experiment on 
Stringless Green Refugee inoculated with single-colony cultures of 2 bac- 
terial isolates, viz., ‘HypicaP’ Xanthomonas phaseoli from the bacterial 
lesions on primary leaves (see No. 2 Table 1) and X. phaseoli variant masked 
in the trifoliate leaves (see No. 3 Table 1). The bacteria appeared to be 
carriers of the virus. The mosaic equalled in amount and was in no way 
distinguishable from that produced on plants inoculated with the virus 
alone. The Xanthomonas 2 ^haseoli pTodueed 100 per cent bac- 

terial infection on the same Stringless Green Refugee individuals and also 
on Corbett Refugee. On the same date the less pathogenic variant produced 
bacterial lesions on the mosaic-immune Corbett Refugee only. 

The apparent ability to produce mosaic was retained by the ‘HypicaP’ 
Xanthomonas phaseoli for at least 6 weeks in stock cultures on steamed 
potato cylinders. About 2 weeks of this time the cultures were held at lab- 
oratory temperatures. According to all published records, 1 to 2 days is 
the limit of ‘"longevity” of the common bean mosaic virus in expressed juice 
at room temperatures. 

The mildly pathogenic yellow variant, after losing its seeming initial 
ability to produce mosaic, was able to cause bacterial symptoms on Stringless 
Green Refugee, not the case hitherto. 

Serial passages of infected juice containing both infective agents showed 
the domination of the virus and a marked increase in the amount and sever- 
ity of virus infection. With the 38th serial passage, IGO per cent extreme 
dwarfing and bunching was accompanied by the reduction of the majority 
of the trifoliate leaves to a minute filiform state consisting of little more 
than midribs. This ultra-severe form of the mosaic persisted throughout 
the remainder of the approximately 50 passages herein described. Striking 
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•discoloration and eonspicnons veining of the primary leaves, and of the 
large trifoliate leaves if there -were any, indicated an extremely deranged 
metabolism. Only an occasional plant blossomed. 

Bacterial symptoms in the serial passages were as a rule, comparatively 
inconspicuous. They abruptly disappeared shortly before the sudden onset 
of the ultra-severe form of the mosaic. They recurred on the inoculated pri- 
mary leaves only after 10 serial passages. 

Virulent isolates of seemingly typical’ ' Xanthomonas phaseoli "wexe 
readily obtained from the serial passages as long as bacterial symptoms were 
manifest. After the disappearance of the symptoms, however, colonies of 
the S opaque white mildly pathogenic form were present in increasing num- 
bers in the plates. The pink colonies also appeared from time to time, 
usually as a minority group. Later studies (unpublished work) showed 
that both the white and pink forms are variants of the virulent yellow X. 
pJiaseoli 

No typical Xanthomonas phaseoli isolates were again obtained until 
bacterial symptoms recurred on the inoculated primary leaves. 

An occasional set of plates showed colonies of X. phaseoli which were 
spectacularly dissociating into S white and S yellow. 

The changes occurring in the bacterium in the course of the serial pas- 
sages were further demonstrated by dissociation studies to be reported in a 
later paper. 

In brief the studies showed that : 

1. Xanthomonas phaseoli may be masked in either mosaic-susceptible or 
mosaic-immune bean varieties. Mosaic-infected trifoliate leaves, used cus- 
tomarily as bean virus 1 inoculum, were not infrequently symptomless 

oi Xanthomonas phaseoli, 

2. In one experiment bean-mosaic virus apparently persisted in cultures 
•of Xanthomonas phaseoli on steamed potato for as long as 6 weeks and in 
those of X. phaseoli NSJiimxi for 11 days. With the possible exception of 4 
isolates from the serial passages, no evidence of such persistence of the virus 
in culture was detected in other more extensive trials. 

3. In the long-continued m vivo association of the two seed-borne patho- 
gens in serial transfers from bean plant to bean plant, there occurred a 
decrease in the pathogenicity of the bacterium and a more or less steady 
increase in that of the virus to the point of extreme intensity, and individual 
variation in mosaic-resistance was no longer manifest. 

4. Variants of Xanthomonas phaseoli differing in colony type and in 
virulence appeared in reisolation plates from bean plants inoculated with a 
•combination of the bacterium and the mosaic virus. It is suggested that 
fhe virus influenced the tendency of the bacterium to dissociate. 

literature CITED 

1. Adam, D. B., and A. T. Pxjgsley. A yellow bacterium associated with ^^halo 
blight’’ of beans. Australian Jour, Exp. Biol, and Med. Sei. 13: ISy-lCA. 1935. 

;2. Ark, P. A., and Marjorie Hunt. Saprophytes antagonistic to phytopathogenie and 
other micro-organisms. Science 93: 354. 1941. 


I i 


092 Phytopathology [Vol. 34 

3. Bierman, Wm. The history of fever therapy in the treatment of disease. Bui. N. Y. 

Acad, of Med. 18: 65-75. 1942. 

4. Brierley, Philip. Two distinct viruses from the mosaic complex in Liliimi longi- 

florum. (Abstract) Phytopath. 29: 3. 1939. 

5. . Prevalence of cucumber and tulip viruses in lilies. Phytopath 30: 

250-257. 1940. 

6. Brown, Nellie A., and Agnes J. Quirk. Influence of bacteriophage on Bacterium 

timefaciens and some potential studies of flltrates. Jour. Agr. Kes. 39: 503- 
530. 1929. 

7. Burkholder, W. H., and C. E. F. Guterman. Synergism in a bacterial disease of 

Sedera helix. Phytopath. 22: 781-784. 1932. 

8. Dubos, Ren^; J. Bactericidal effect of an extract of a soil bacillus on Gram>positive 

cocci. Proc. Soc. Exp. Biol, and Med. 40 : 311-312. 1939. 

9. . Studies on a bactericidal agent extracted from a soil bacillus. I. 

Preparation of the agent. Its activity in vitro. Jour. Exp. Med. 70: 1-10. 

1939. II. Protective effect of the bactericidal agent against experimental 

Pneumococcus infections in mice. Jour. Exp. Med. 70: 11-17. 1939. 

10. — , The effect of specific agents extracted from soil micro-organisms 

upon experimental bacterial infections. Annals of Internal Med. 13: 2025-2037. 

1940. 

11 . ^ and C. Cattaneo. Studies on a bactericidal agent extracted from a 

soil bacillus. III. Preparation and activity of a protein free fraction. Jour. 
Exp. Med. 70: 249-256. 1939. 

12. Fenton, Geo. S. The common use of malaria fever in the treatment of chronic 

syphilis. Nat. Health Eev. (Ottawa) 7: 151-156. 1939. 

13. Fleming, Alexander. On the antibacterial action of cultures of a Penicillimn with 

special reference to their use in the isolation of B-influenzae. Brit. Jour. Exp. 
Path. 10 : 226. 1929. 

14. Hedges, Florence. Association of Baciefnim phaseoU and the virus of the common 

bean mosaic. (Abstract) Phytopath. 30 : 9. 1940. 

15. Jauregg, Wagner v. IJeber die Einwirkung der Malaria auf die progressive Paralyse. 

Psyeliiat.-neurologische Wohnschr. 20: 132-134 and 251-255. 1918-1919. 

16. Kunkel, L. O. Studies on acquired immunity with tobacco and aucuba mosaic. 

Phytopath. 24: 437-466. 1934. 

17. , Immunological studies on the three peach diseases, yellows, rosette 

and little peach. Phytopath. 26: 201-219. 1936. 

18. Little, E. B., B. J. Bubos, and E. B. Hotchkiss. Effect of gramicidin suspended 

in mineral oil on Streptococci of bovine mastitis. Proc. Exp. Biol, and Med. 46: 
462-463. 1940. 

19. Mellon, Ralph R. The polyphasic potencies of the bacterial cellj general biologic 

and chemotherapeutic significance. Jour. Bact. 44: 1-26, Plate 1. 1942. 

20. Pasteur, L. Chimie physiologique. Nouvel exemple de fermentation determin^e 

par des animalcules infusoires pouvant vivre sans gaz oxygene libre, et en dehors 
de tout contact avee Pair de Patmosphcne. Compt. Rend. 56: 416-421. 1863. 

21. — — ^ , and JouBERT. Charbon et septicdmie. Compt. Rend. 85: 101-115. 

1877. 

22. POPPE, K., and G. Busch. Zur Frage der Symbiose des Virus der Maul- u. Hlauen- 

seuche in pflanzliehen Mikro-organismen. Centrbl. f. Bakt. I, 136: 385-389. 
1936. 

23. Price, W. C. Acquired immunity from cucumber mosaic in zinnia. Phytopath. 25: 

776-789. 1935. 

24. — . Acquired immunity from plant virus diseases. Quarterly Review of 

Biol. 15: 338-361. 1940. 

25. Sanders, Murray. Cultivation of the viruses, a critical review. Arch. Path. 28: 

541-586. 1939. 

26. Shope, R. E. Swine influenza. III. Filtration experiments and etiology. Jour. 

Exp. Med. 54: 373-385. 1931. 

27. . The influenzas of swine and man (Harvey Lecture). Medicine 15: 

453-487. 1936. 

28. — . Recent knowledge concerning influenza (John Phillips Memorial 

Medal Address) . Ann. Int. Med. 11: 1-12. 1937. 

29. Silber, L. a. On symbiosis of filtrable viruses with micro-organisms (in Russian). 

Priroda No. 8, pp. 17-23, 1935. (Typed translation in XT.S.B.A. library.) 

30. . On allophorns cultures of filtrable viruses. Giorn. di Batt. e Immnn. 

15 (2° semestre 1935 XTV), pp. 872-886. 1935. (In English.) 

31. ^ and E. I. Wostruchowa. Ueber Znchtnng der filtrierbaren Virusarten 

anf nieht pathogenen Microben. I. Mitteilung: Poekenviruskultur in vitro. 
II. Mitteilung: Weitere IJntersnehungen von auf Hefen geziiehteten Pocken- 
viruskultnren. Centrbl. f. Bakt. I. 129: 389, 396. 1933. 


m 



1944] Hedges: Association op Virus and Bacteria 

32. Smith, Erwin F. Prodiietioii of tumors in tlie absence of parasites. Arcb. Dermat. 

andSypli. 2: 176-180. 1920. 

33. Waksman, S. a. Associative and antagonistic effects of micro-organisms: I. His- 

torical review of antagonistic relationships. Soil Sei, 43: 51-68. 1937. 

34. - — . Antagonistic relations of micro-organisms. Bact. Eev. 5: 231-291. 

1941. 

35. — , and H. B. Woodruff. The soil as a source of micro-organisms antago- 

nistic to disease-producing bacteria, dour. Bact. 40: 581-600. 1940. 

36. — — , and . Bacteriostatic and bacterial substances produced 

by a soil Actinomycek Proc. Soc. Exp. Biol, and Med. 45: 609-614. 1940. 

37. , and . Actinomyces antibiotic^is, a new soil organism, 

antagoiiistie to pathogenic and non-pathogenic bacteria. Jour. Bact. 42: 231- 
249. 1941. 

38. Zaumeter, W. J., and L. L. Harter. Two new virus diseases of beans. Jour. Agr. 

Ees. 67: 305-328. 1943. 







INTRACELLULAR INCLUSIONS IN TOBACCO MOSAIC-INFECTED 
NICOTIANA GLUTINOSA AND ITS HYBRIDS^ 

M xi R K W . Woods 
(A ceei)ted for publication January 26, 1944) 

Tobacco mosaic virus {Marmor tabaci H.) induces tlie formation of both 
crystalline and amorphous inclusions in cells of suscepts, which develop 
systemic chlorotic symptoms following infection. Such inclusions have not 
hitherto been reported in suscepts such as Nicotiana ghitinosa h., which 
respond necrotically to infection with this virus. Sheffield (4) was unable 
to find inclusions in the necrotic local lesions in infected N. glutinosa. Since 
the observations of Beale (2), Bawden and Sheffield (1), et al., it has become 
increasingly evident that the crystalline inclusions characteristic of tobacco 
mosaic represent either virus . alone, or a virus-host constituent complex 
composed largely of virus protein. The ’’-bodies of this disease likewise 
contain much virus protein (1). Because of the etiologic significance of 
these inclusions it is of interest to know definitely whether their formation 
can be induced in necrotic-type suscept species. The experiments reported 
here have proved that under certain environmental conditions hexagonal 
crystals and ^^X ’’-bodies, typical of tobacco mosaic, can form in mosaic- 
infected cells of N. ghitinosa and certain of its necrotizing hybrids. Necrotic 
response to tobacco mosaic virus in this species is controlled by a single 
dominant gene (3). 

Detached leaves of both Nicotiana ghitinosa and an Fg hybrid hetero- 
zygous for the necrotizing gene (N. tabacxim var. Turkish x A, glutinosa) 
were employed in the tests. The upper surface of one half of each leaf 
was inoculated by rubbing with a freshly prepared extract of green-mottling 
tobacco mosaic virus {Marmor tabaci H.). The control half of each leaf 
was similarly rubbed with sterile water. The leaves were rinsed with tap 
water immediately after inoculation and cut transversely into 4 sectors. 
Three sectors of each leaf were held in water-saturated atmospheres in 
sealed glass containers (approx. 1 1. capacity) in absolute darkness at 27 
to 28° C. Each of these sectors was exposed to a different gas mixture 
in the containers. Container (a) was filled with plain air; container (b) 
with 73 per cent of oxygen, 17 per cent of nitrogen and 10 per cent of carbon 
dioxide ; container (c) was filled with 90 per cent of oxygen and 10 per cent 
of nitrogen. In each container the by-products of respiration were allowed 
to accumulate. The fourth leaf sector was held in darkness at the same 
temperature in an unsealed container, the lower half-inch of the leaf sector 
being immersed in tap water. Each experiment involved from 1 to 3 leaves. 
A typical experiment gave the following results : 

Six days after inoculation the leaf sectors that had been maintained in 
the sealed container of plain air, and in 90 per cent of oxygen, had yellowed 

1 Tile research here reported was carried on while the writer was a memher of the 
staff of the Maryland Agricultural Experiment Station. 
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noticeably. The yellowing* was particularly pronounced in the tissues held 
at the high oxygen concentration. In both cases the lesioned areas were only 
partly necrotic, and, though yellowish, had retained more of their original 
green color than noninf ected tissues. 

The leaf sectors maintained in an atmosphere containing 10 per cent of 
carbon dioxide were still green at the end of the experiment. The lesioned 
areas, wdiich were barely discernible, appeared to be slightly deeper green 
than the noninf ected tissues. Each lesion was bordered by a faint water- 
soaked green necrotic ring. These visible lesions from sectors treated with 
10 per cent of carbon dioxide were slightly smaller than those formed in 
plain air or 90 per cent oxygen. This appeared to be due to masking of 
infected zones surrounding the necrotic rings since typical intracellular 
inclusions were observed in cells outside of the latter areas. These experi- 
ments demonstrated that 10 per cent of carbon dioxide not only retarded 
breakdown of the chlorophjdl in noninf ected tissues, but that this protective 
action extended to infected cells as well. In the latter case the necrotizing 
action of the virus was also materially reduced. 

Leaf sectors held in the open containers (low humidity) developed 
solid-necrotic lesions that rapidly dried out. 

Cytological examination of infected and control tissues from each set 
of experimental conditions revealed distinct differences between treatments. 
Crystalline inclusions and ^^X'kbodies were never observed in lesioned 
areas of leaf sectors held in the un-sealed containers. Both types of 
inclusions were found in epidermal and mesophyll cells in lesions from 
leaves held in each of the sealed eontainers, being observed most frequently 
in material treated with 10 per cent of carbon dioxide. Apparently the 
combination of high humidity plus an increased concentration of carbon 
dioxide was the most favorable condition for development of both types 
of inclusions. The hexagonal crystals formed in Nicotiana ghiMnosa and 
its hybrid appeared as perfect hexagons in face view with striate rectangular 
cross sections, or as irregular aggregates of 2 or more crystals. They were 
essentially like those observed in systemic lesions in Turkish tobacco, except 
for a lack of stability in the cell. In mounts of N. gliitinosa or hybrid tissue 
in tap water at 25 to 28° C., perfect hexagonal crystals were observed to 
become irregular in outline after 5 or more minutes and to go rapidly into 
solution, A foamy residue was left in the cytoplasm at the point previously 
occupied by the crystal. Crystals in mosaic-infected Turkish tobacco leaves 
have not been observed to break down under similar conditions, although 
application of ether, hexylresoreinol 1-1000 (‘‘ST-37’0) dilute alcohol and 
mineral acids will cause them to break down. 

In all of the lesions examined the crystals and “X ’’-bodies were observed 
more frequently in a zone some 15 cells wide on either side of the necrotic 
areas than in the non-necrotic centers or further from the periphery. 
Amorphous masses somewhat resembling the crystals were sometimes 
observed in completely necrotic cells. When the content of the dead cells 


696 


Phytopathology 


[VoL. 34 


had oxidized to a brown color these masses and the imcleiis also were colored 
a deep-brown. The regular cytoplasmic streaniiiig* sometimes observed in 
cells containing both hexagonal eiystals and ’-bodies indicates that these 
cells in the lesioned areas of N. glutinosa were living*. In one case a cell with 
streaming cytoplasm and a large '^X^-body was immediately adjacent to 
a completely necrotic cell. 

Previous studies have shown that virus multiplication is dependent upon 
the functioning of a CN-sensitive respiratory system (5). The factors of 
high humidity, increased carbon dioxide concentration and darkness (modi- 
fied gas exchange through the stomata) might similarly interact to modify 
the development of tobacco-mosaic symptoms from a complete necrosis 
without formation of intracellular inclusions to a less severe breakdown of 
the tissues. 

The formation of hexagonal crystals and ^‘X ’’-bodies seems to be asso- 
ciated with this lessening of the necrotic action of the virus on the cells. 
Maryland Agricultural Experiment Station, 

College Park, Maryland. 
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ANATOMICAL EFFECTS OP OIL SPEAY INJUEY 
IN GUAYULB SEEDLINGS 

rREDRICK T. AdDICOTT 
(Accepted for publication February 5, 1944) 

Oil sprays have been found very efficient in the control of weeds in the 
nurseries and fields where guayule is under cultivation. During the period 
of the development of spraying methods injury to the plants frequently was 


Fig. 1. Sections of oil-sprayed cotyledons. A. Uninjured cotyledon. B. 30 minutes 
after exposure to injurious amounts of oil spray. C. 2 hours after exposui'e. D. 24 hours 
after exposure. E. 48 hours after exposure. Magnification about 95 x. 
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obtained. For the information of both research workers and those con- 
cerned with the prodnction of guaynle, an investigation of the anatomy of 
the injury was undertaken. It appears that these results may be of general 
interest also to pathologists. 


Pio. 2. Sections of oil-sprayed leaves, 
exposure to injurious amounts of oil spray, 
after exposure. P. 48 Lours after exposure. 

Material was obtained from two groups of plants in the Guayule Nurs- 
eries ( Alisal), at Salinas, California. The first group was eollected 14 days 


A. Uninjured leaf. B. 30 minutes after 
C. 3 Lours after exposure. B, E. 24 Lours 
Magnification about 95 X. 
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after the seed was planted, and was still in the cotyledon stage. The second 
group had grown for about 8 weeks and had produced about a dozen leaves. 
Cotyledons and leaves from both groups were collected within 1 minute fol- 
lowing exposure to an injurious spray (controls) and again in 30 minutes, 
2, 24, and 48 hours after exposure. Observations were restricted to the 
cotyledons and foliage leaves as the primary effects of the spray were not 
marked in other organs. 

The collected material was fixed in form-propiono-ethanol, dehydrated 
by means of tertiary butyl alcohol, and stained by safranine-fast green and 
safranine-hematoxylin. The methods employed followed the procedures 
ovitlinedhj Johdimm ill Plant Microtechnique. 

Externally the injury appeared as brownish spots. Cotyledons, how- 
ever, were often completely withered by the oil. In foliage leaves of older 
plants the spots varied from a few involving only a small fraction of the leaf 
area to large spots covering the entire leaf. 

Photomicrographs of sections of leaves and cotyledons appear in figures 
1 and 2. Figures 1, A, and 2, A, are the '‘controls,’’ which show no injury. 
Figures 1, B-E, and 2, B-F, show examples of the progress of the injury in 
cotyledons and foliage leaves. Signs of injury appear within 30 minutes 
after exposure (Figs. 1, B, and 2, B). These show palisade cells in early 
stages of collapse. The leaf tissues most affected were those that apparently 
came in direct contact with oil. These were the epidermis (Pigs. 1, E, and 
2, G, D) and the palisade just within the stomata (Pigs. 1, D, and 2, B, P). 
Curiously enough, the trichomes, which appear only on the foliage leaves, 
were seldom affected. The injury was characterized first by a collapse and 
shrinkage of the entire cell including the cell wall (Pigs. 1, C, D, and 2, B) 
and later by a more or less complete cytolysis (Pigs. 1, E, and 2, D, E, F). 
Injurious effects appeared to have reached their maximum in 24 hours after 
exposure (Pigs. 2, D, E). No indications of the invasion or extension of 
injuries by micro-organisms were observed. 

Guayule Eesearch Project, 

Salinas, California. 


A SIMPLE NUCLEAE STAIN AND STAINING TECHNIQUE POE 
HELMINTHOSPOEIA 

G . K . P A R R I S 

(Accepted for publication February 24, 1944) 

While studying the nuclei of the vegetative cells, young conidiophores, 
and germinating spores of members of the genus Helminthospormniy^ con- 
siderable difficulty was experienced with retention of the fungal material on 
a coverslip or slide during the staining procedures preparatory to micro- 
scopic examination. At first the method of Dickinson^ was tried, which in 
brief consists of smearing a thin film of egg albumen on a slide, and then 
flooding it with a suspension of fungal inoculum. The fungal material is 
allowed to settle for a minute, the slide drained, and put aside to dry, 
Dickinson says ‘^This drying process was found to be the most critical part 
of the method. The slide must be allowed to dry in order to coagulate the 
egg albumen and so fix the inoculum to the slide, but it must not be allowed 
to dry sufficiently to kill the fungal material.’’ Often, when this procedure 
was followed, and the slide with its fungal material placed in Flemming’s 
solution and thence into Heidenhain’s haematoxylin, the film of albumen 
would become unstuck, and the slide and all preparatory work connected 
with it rendered worthless. Furthermore, with Helminthosporia, spore pro- 
duction often would not take place on an egg albumen substrate. 

Dickinson’s method finally was abandoned and a search made for some 
other technique. This note gives the details of the method finally adopted ; 
with certain modifications it should be adaptable to other fungi. 

Prom experience it was learned that most Helminthosporia will produce 
spores on corn-meal agar, made either from commercial material containing 
dextrose, or according to Shear’s formula, in which dextrose is not included. 
While a particularly recalcitrant isolate may refuse to sporulate on corn 
meal in a Petri dish, it usually can be induced to do so if the method to be 
described is followed. Petri dishes are lined at top and bottom with filter 
paper, which is then moistened with tap or distilled water. The dishes need 
not be sterilized, and sterilized water need not be used, for just as good 
results were obtained with well-washed dishes as with sterilized ones. In 
the bottom of each dish, resting on the wet filter paper, place 2 pieces of glass 
rod, each about J to | the width of the bottom. Using chemically clean slides, 
grasp a slide at one end with a flamed forceps, and dip the slide for i its 
length into 95 per cent alcohol, and flame. Have handy a flask of melted 
corn meal agar. As soon as the alcohol on the slide has burned off, remove 
the cotton plug from the flask of agar, flame the mouth of the flask in the 
usual manner, and pour a small quantity of the agar on to the surface of the 

4 Besearch performed while on sabbatical leave from the XJniversity of Hawaii, Hono- 
lulu, T. H,, at the IJniversity of Missouri, Columbia, Mo. 

2 piekinson, Sidney. The nature of saltation in Fusarium and Helminthosporium. 
Minnesota Agr. Exp. Stat. Tech. Bui, 88: 1-42. 1932. 
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slide not grasped by the forceps, with the slide in a horizontal position. 
Tip the slide and allow the excess agar to run off into a container. If the 
slide is hot, more agar may be left on the slide than if the slide is moderately 
cool, for in cooling, the slide in its former condition will dry off* a consider- 
able amount of the residual agar. One should attempt to obtain a thin, even 
film of agar over the sui'face of the slide, which is next placed in the Petri 
dish so that it rests on the glass rods. The dish, as is now obvious, is merely 
a moist chamber, when covered. As soon as the agar has cooled, its surface 
is inoculated, usually in the middle. 

By microscopic examination of the inoculated slide in 24 to 72 hours, 
it may be determined if spore germination has occurred, or if young conidio- 
phores are present. The writer has found that an inoculated slide may be 
viewed under the microscope one or more times, each time requiring removal 
from its ‘‘moist chamber,'? without much danger of contamination from 
the air. 

Staining to show the nuclei in Helminthosporia is easy and rapid when 
ManevaPs’'^ acid fuchsin stain is used.'^ For convenience, the ingredients of 


this stain are repeated : 

Phenol, 5 per cent aqueous 30 ce. 

Glacial acetic acid, 20 per cent aqueous 8-10 cc. 

Ferric chloride, 30 per cent aqueous 4 cc. 


To the above add 1-2 cc. of a 1 per cent aqueous 
solution of acid fuchsin. 

To the slide on which the Eelminiliospormm sp. is sporulating or germi- 
nating, add enough acid fuchsin stain to flood the fungal material. This 
may be performed with impunity shortly after spore germination ; to wash 
off the spores is extremely difficult. After 30 seconds to 3 minutes, depend- 
ing on the material and the intensity of staining desired, drain off the excess 
stain and flood the slide with tap water. Wash one or more times with tap 
water, each time allowing the water to stand on the slide for 3. to 10 seconds ; 
the number of washings is determined by the retention of the stain, which 
can be watched with the naked eye or with the microscope. Here, experi- 
ence is better than any written instructions. Add one to two drops of lacto- 
phenol and cover with a cover slip. Examine under oil. The nuclei stain 
bright pink, the remainder of the cell and its contents, hardly at all; the 
agar does not retain much dye, and visibility should be excellent. 

The lactophenol mentioned above is prepared in the usual manner, viz., 
distilled water 20 cc., phenol crystals (warmed until melted) 20 cc., lactic 
acid 20 cc., glycerin 40 cc. Preparations mounted in lactophenol and ringed 
with paraffin have been kept in useful condition for months, though the acid 

3 Maneval, W. E. Staining bacteria and yeasts witli acid dyes. Stain Teclmology 
16 : 13 - 19 . 1941 . 

^ The writer wishes to express his appreciation to Dr. W. E. Maneval of the XJniver^ 
sity of Missouri for suggesting the use of this stain and for helpful hints in staining 
technique. 
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fuehsin does decolorize slowly. This is sometimes a good point, for an over- 
stained slide when kept for a month to 6 weeks may show later all that was 
originally desired. 

ViEGiNiA Truck Experiment Station, 

Norfolk, Virginia. 


PHYTOPATHOLOGICAL NOTES 


Tulip Blight Controlled ly Organic Sulphurs .^ — Tulip blight (Botrytis 
tulipae (Lib.) Lind) has long been prevalent and destructive in the Pacific 
Northwest. Commercial-bulb farmers have relied upon Bordeaux sprays 
for control, but often more damage has occurred from copper burning than 
from fungus attack. 

In an attempt to obtain a more suitable fungicide, spraying experiments 
were initiated during the 1941-1942 bulb season with Bordeaux (2:4:50 
and 4:4:50, the latter with and without Penetrol), copper phosphate, 
Coposil, Tennessee copper 26, Greenol, manganese-iron bordeaiix, Lysol, 
potash-sulphur-resin, silver nitrate (2 formulas, silver-lauryl sulphate and 
silver-manganous sulphate^), Spergon, phenothiazine, malachite green (in 

TABLE 1. — Average results of 1343 spray trials for the control of Botrytis tulipae 
on four replications each of three tulip varieties 


Material 

1 

Concentration 

Average number 
of lesions per 
replicationa 

Average degree 
of burning per 
replication^ 

Check (water) 


115.9 

0.0 

Fermate 

2 lb.: 100 gaD 

56.2 

1.0 

Thiosan 

U lb. : 100 gal.« 

93.7 

0.7 

Bordeaux 

8:8: 100 gaD 

89.1 

2.7 

Copper oxalate 

3 lb.: 100 gal.c 

126.7 

2.4 

Silver nitrate 

d 

127.0 

0.6 

Sulphur dust 

e 

116.6 

0.6 


a Experiment statistically significant. The least difference required for significance 
is 57.4. 

b Degree of burning rated from ^^0^’ (no burning) to ^^5’^ (severe burning). 

c Penetrol added at rate of 1§ pt. per 100 gal. as a wetting and sticking agent. 

1.195 g. silver nitrate, 3.79 g. manganese sulphate, 6.8 g. hydrated lime, 3.78 g. 
Vatsol OT per gal. 

e 75 per cent sulphur, 24.9 per cent hard wheat flour, 0.1 per cent Vatsol K. 

oil emulsion and in water) , Thiosan and Fermate. These were applied in 4 
replications each to the varieties Rev. H. Ewbank, William Pitt, and Rose 
Copeland. The number of Botrytis lesions were counted on 20 represen- 
tative leaves in each replication at the end of the season. Fermate and 
Thiosan, which averaged 15.3 and 16.7 lesions per replication, respectively, 
were superior to all other mateidals. Bordeaux (4:4:50 without Penetrol) 
averaged 47.9 lesions, whereas the check averaged 101.4 lesions per repli- 
cation. 

Spray trials were repeated in the spring of 1943, using the most promis- 
ing materials of the previous season as well as a sulphur dust and a copper 
oxalate spray. Three applications were made at 10-day intervals, beginning 
April 17, and again using 4 replications on the same three tulip varieties. 

1 Published as Scientific Paper No. 579, College of Agriculture and Agricultural Ex- 
periment Stations, State College of Washington, Pullman, Washington. 

2 Nielson, L. W., and C. E. Williamson. The composition and field performance of 

some silver sprays. Phytopath. 32: 1026-1030. 1942. 
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Results (Table 1) again demonstrate the superiority of Fermate over all 
other materials. 

The greater degree of inf eetion in these trials over those in 1942 is partly, 
if not entirely, attributable to the fact that the first spray application was 
delayed until the tulips had become generally infected. Fermate caused 
some burning w^en applied with a knapsack sprayer in the 1943 plot tests, 
but none when it was applied with a power sprayer to tulips in commercial 
fields by two farmers. 

Fermate and Thiosan are closely related, both being derivatives of dithio- 
carbamic acid. The active ingredients in Fermate and Thiosan are ferric 
dimethyldithiocarbamate, and tetramethyl thiuramdisulphide, respectively. 
The latter material was tried in 1938 in Holland (under the name Tulisan)^ 
and found promising against tulip blight. 

Fermate often produces a splotchy appearance on the plant when applied 
with a knapsack sprayer. Therefore, Thiosan, which is less noticeable, 
appears to be preferable for home fiower gardens. Fermate, because of its 
superior control quality, will be recommended for trial in commercial fields 
in 1944. Four applications of a 2 lb. : 100 gal. solution at 10-day intervals, 
beginning as soon as the leaves are 3 to 4 inches high, should be adequate 
under most conditions. — C, J. Gould, Western Washington Experiment Sta- 
tion, Puyallup, Washington. 

Dodder on Flax and its Control } — In 1941 the important hemiparasitic 
dodder (Cuscuta) was observed for the first time on flax in Peru (Mid-coast 
section: Canete and Lima). Losses were sometimes serious because the 
dodder prevented development of the flax plants, made various cultivating 
processes difficult, and impeded proper retting. In some fields practically 
100 per cent of the plants were attacked, the ramifications of the dodder 
interlacing with the flax plants to form a virtual mattress. 

The species of Cuscuta which attacks flax in Peru is 0. indecora Chois., 
according to the determination made by Dr. S. F. Blake, of the U. S. Depart- 
ment of Agriculture, Washington, D. C., to whom the writer expresses his 
gratitude. 

A survey of all available foreign literature with respect to control reveals 
only preventive measures such as the use of clean seed. The problem in 
Peru, however, is not only a matter of future control but of finding a killing 
agent for the parasite. El Servicio de Fitopatologia of La Molina Experi- 
ment Station, of which the writer is head, undertook to find a substance 
capable of destroying plants of Cuscuta without injuring flax. The prob- 
lem is very difficult, since plants of dodder are very resistant and those of 
flax very sensitive to various chemical agents. After testing a large number 
of different chemicals in varying concentrations, we found that very satis- 

3 Poeteren, van, N. Yerslag over de werkzaamheden van deix plant enziektenlcimdigen 
Bienst in Let jaar 1938. Versl. Plziekt. Hienst Wageningen 93: 1939. (Aha. in Bev. 
Appl. Mye. 19 : 194-195. 1940.) 

1 Translated from tlio Spanish by Laura M. Hamilton, St. Paul, Minnesota. 
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factory results could be obtained with an aqueous solution of sodium hydrox- 
ide (NaOH) at concentrations varying from 8 to 10 parts per 1000, depend- 
ing on the stage of development of the flax. 

Dosage; When young flax plants are treated, ahvays use a concentration 
of 8 : 1000, appljdng 1 litre of solution to each 4 sq. m. or 25 hectolitres per 
hectare. When the flax is well developed, use a concentration of 10:1000, 
applying 1 litre of solution to each 3 sq. m. or approximately 33 hectolitres 
per hectare. 

Since commercial soda (NaOH) is readily soluble in water, the quantity 
of soda to be used may first be dissolved in a small quantity of- water and 
then to this solution may be added the amount of water necessary to bring 
it to the desired volume. 

Application: A single application is sufficient if it is made in accordance 
with the instructions given here, which are based on results of a large num- 
ber of trials. These instructions must be carefully followed to attain perfect 
control of Cuscuta and avoid bixrning of the flax plants. 

1. It is of prime importance to apply the solution with a power sprayer 
which has a pressure of 300 lbs., taking special care that the pressure does 
not diminish during the spraying operation. 

2. The stream produced by the power sprayer on the flax plants should 
be inclined from above, downward, and at an angle of 45° with the vertical. 

3. The spray should be as fine as possible. 

4. Special care should be taken to apply the spray as uniformly as pos- 
sible. 

5. The solution should be applied very lightly on flax plants. 

6. Spraying should be done when there are no air currents. 

7. After being sprayed once, plants should not be sprayed again, since a 
repetition of the application will burn the flax plants. 

8. The concentration of the solution should not exceed 10 : 1000 as a 
maximum. 

9. To avoid burning the flax, great care should be taken when the liquid 
in the spray machine is nearly gone, since the concentration of the solution 
is likely to be higher. 

By following these instructions faithfully, it is easy to obtain up to 90 
per cent control of Cuscuta. It should be kept in mind, however, that the 
method of application is of greater importance than the amount of material 
used.— G. Gaecia Rada, Estacion Experimental Agricola de La Molina, 
Lima, Peru. 
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ANNOUNCEMENT ; 

The Amei-iean Phytopatholo^ieal Society will not meet with the Amer- 
ican Association for the Advancement of Science in September. The Society 
will hold its 36th Annual Meeting and War Conference Deeeniber 9~11, 
1944, at the Netherland-Plaza Hotel, Cincinnati, Ohio. Abstracts of papers 
to be presented at the meetings must be in the hands of the Secretary, Dr. 
C. C. Allison, by October 15. 


. NOTICE ■ : ■■ ;■ 

NATIONAL ROSTER OF SCIENTIFIC ANP SPECIALIZED PERSONNEL 

In the light of recent Selective Service directives which will result in the 
induction of many thousands of prof essiohally and scientifically qualified 
young men under the age of 26,; it is important that these particular in- 
dividuals who will enter the armed forces immediately notify the Roster of 
the branch of the armed forces they are entering, the date and place of their 
induction and, after induction, their serial number. Obviously the Roster, 
as a civilian agency of Government, has no responsibility in the assigTiment 
of its registrants within the armed forces. At the request of the War and 
Navy Departments, however, the Roster does furnish advice to the Office of 
the Adjutant General, War Department, and the Bureau of Naval Personnel, 
Navy Department, concerning the specialized training and qualifications of 
those of its registrants who are inducted into the Army or Navy. This in- 
formation is used as an aid in determining the initial military assignment 
of the partcular individual. 

It is conceivable that it may become imperative in the future — -near or 
distant— to withdraw a number of professionally and scientifically qualified 
men from the armed forces ill order to assign them to important research 
or production work in civilian war industry. The Roster’s records are suf- 
ficiently detailed to permit intelligent selection of persons possessing profes- 
sional qualifications in practically every kind of specialized field and it would 
probably be called upon to assist in any such assignment. It is important, 
therefore, that persons possessing professional or scientific qualifications 
register with the Roster and advise it immediately concerning any change in 
their status. Communicktioks should be addressed to the National Roster 
of Scientific and Specialized Personnel, 1006 U Street, N.W., W^ashington 25, 
D. C. - *■ „ ' 





W Pollock Fraser, Professor-Emeritus of Biology in the University 
of Saskatchewan, died at his home in Saskatoon on the morning of November 
23, 1943. For several years, he had been afflicted with a heart ailment, 
which curtailed considerably his activities, but, with the devoted assistance 
of his wife, he coiitinned his scientific work, at times from a sick bed, nntil 
a few days prior to his death. His passing is a pronounced loss to botanical 
science and to a wide circle of associates, students, and friends who held him 
in esteem and affection. 

Dr. Fraser was born in 1867 at French ' River, Pictou County, Nova 
Scotia. He was the son of Alexander and Anna (Pollock) Fraser, and had 
an older sister and two younger brothers, both of whom died in childhood. 
He attended the local school— an actual ^^little red school house.’’ Through 
the accidental death of his father, he was left in early life to take charge of 
the home farm. At the age of twenty-one, he yi^ded to his desire for further 
education, and, with his mother (his sister having now married), he left the 
farm and entered New Glasgow High School. He later attended Pictou 
Academy— from which he graduated in 1896 with senior .matriculation— and 
the Normal School at Truro, N. S. As he had to pay his own way, these 
years of study were interspersed with years of teaching. In 1899, he en- 
rolled in Dalhousie University, where he studied for two years. He was 
Principal of Westville High School from 1901 to 1908 and, in the latter year, 
joined the Staff of Pictou Academy as Instructor in Natural Science. In 
1905, he resigned this position to attend Cornell University, from which he 
received the A.B. degree in 1906. He continued his studies there, and, in 
1907, was re-appointed to his former position ih Pictou Academy. Prom 
Dalhousie University, he received the B.A. degree ad eundem \n 1907, and 
the M.A. degree in 1910. In January, 1912, he, was appointed to the Staff of 
Macdonald College as Lecturer in Biology and^ in this year, he married Miss 
Alice Adele McRae. Two years later, he was promoted to Assistant Profes- 
sor of Biology. 

After the disastrous outbreak of stem rust in ‘Western Canada in 1916, 
the Dominion Department of Agriculture requested him to study the cereal 
rust situation in that area during the summer of 1917 and of 1918, and, in 
1919, appointed him as Officer-in-Gharge of the newly established Dominion 
Laboratory of Plant Pathology at the University of Saskatchewan, Saska- 
toon, Sask. In the same year, the University 6f Saskatchewan granted him 
the M.A. degree ad eiindem and appointed him, on a part-time basis, as 
Lecturer in Biology. These appointments he held cmncurrently until 1925, 
when he severed his connection with the Department and accepted the posi- 
tion of Professor of Biology in the University. On his retirement in 1937, 
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the UniYersity, in recognition of his services, honored him with the LL.D. 
degree and appointed him Professor-Emeritus of Biology. He was a mem- 
ber of the Associate Committee on Field Crop Diseases of the National 
Research Council and the Dominion Department of Agriculture. He was 
also a member of the American Phytopathological Society, a Fellow of the 
American Association for the Advancement of Science, and a charter mem- 
ber of the Mycological Society of America, of the Canadian Society of 
Technical Agriculturists, and of the Canadian Phytopathological Society. 
In the latter Society, he served as Vice-President from ,1929 to 1931, as 
President from 1931 to 1933, and was elected in 1940 to honorary member- 
ship. 

Dr. Fraser will be remembered for his utter genuineness of character, the 
keystone of which was his absolute loyalty to truth. He was wholly in- 
capable of subterfuge or dissimulation. Sincere and reserved, he sought out 
the quiet lanes of life. He craved neither popularity nor distinction. His 
manner of life was simple, his self-effacement, complete, but his nobility of 
character and disciplined mind compelled deference and inspired confidence. 
It was well said of him that he '‘wore the ornament of a quiet and humble 
spirit.’’ He was a teacher of wide experience — in elementary, high school, 
and university work; and just as in his social relations he influenced by 
example rather than precept, so in his teaching he placed the emphasis more 
on demonstration than on formal lectures. He was a master of laboratory 
instruction and was noted for the excellence of his demonstrational material. 
In research, he worked with his students and associates, as collaborator 
rather than director, and gave them generously of his time and ability. 
In return, their regard for him partook of idealization, and they accorded 
him a respect bordering on reverence. 

A born naturalist, Dr. Fraser was familiar with birds and insects, but 
chose plants as his special field of study. He was an indefatigable collector, 
and spent most of his spare time in collecting and classifying plants, crypto- 
gams as well as phanerogams, with the object of building up herbaria in the 
institutions with which he was connected. Although for some years his work 
was mainly concerned with cereal disease investigations, he retained his 
interest in the native flora and subsequently devoted an increasing propor- 
tion of his time to a study of it. On his retirement in 1937, he undertook 
the re-organization of the phanerogamic herbarium of the university and 
also a revision of the^list of Saskatchewan plants earlier published by him 
and Dr. R. C. Russell, neither of which tasks he was able quite to complete. 

His direct contribution to plant pathology has been definite and sub- 
stantial, although at no time was his work entirely restricted to it. He was 
the pioneer in plant :^ust research in Canada, his cultural studies of the 
heteroecious rusts being outstanding. He recognized early the importance 
of physiological specialization in the cereal rusts and its implications in 
respect to plant breeding for rust resistance. Likewise, he recognized, and 
stressed, the urgency of undertaking plant breeding for the production of 
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rust resistant varieties of cereals. While in charge of rust investigations in 
Western Canada, he initiated and conducted an annual survey of the physio- 
logic races of stem rust present in that area, and also epidemiological studies 
on the sources and spread of cereal rusts. By the time he relinquished the 
active direction of these and related investigations, the general plan of 
subsequent rust research in Canada was fairly well defined. Other contri- 
butions might be mentioned, but probably his greatest contribution to plant 
pathology, as well as to other fields of botanical science, was indirect, that is 
to say, through the example of his complete and disinterested devotion to 
scientific truth and the inspiration he imparted to his students and associates 
in research. 

He was author or co-author of the following publications : 

The Erysiphaceae of Pietou County. Bull. Pictou Acad. Sci. Assoc. 1: 51-58. The Office 
of The Pictou Advocate, Pictou, N. S. 1909. 

Collection of the aecial stage of Calyptospora columnaris (Alb. & Sehw.) Kiihn. Science 
30: 814-815. 1909. 

Cultures bf some heteroecious rusts. Myeologia 3: 67-74. 1911. 

Cultures of heteroeeious rusts. Myeologia 4: 175-193. 1912. 

Purther cultures of heteroecious rusts. (Abstr.) Phytopath. 3: 73. 1913. 

Purther cultures of heteroecious rusts. Myeologia 5: 233-239. 1913. 

The rusts of Nova Scotia. Trans. Nova Scotia Instit. Sci. 12: 313-445. 1913. 

Diseases of forest and shade trees. Ann. Kept. Quebec Soc. Protect. Plants 5: 76-84. 

1913. 

Notes on TIredinopsis mirabilis and other rusts. Myeologia 6: 25-28. 1914. 

Notes on some plant diseases of 1913, Ann. Kept. Quebec Soc. Protect. Plants 6: 45-50. 

1914. 

Storage rots of potatoes and other vegetables. Ann. Kept. Quebec Soc. Protect. Plants 
6: 50-51. 1914. 

The cereal rusts. Ann. Kept. Quebec Soc. Protect. Plants 7 : 116-120. 1915. 
Over-wintering of the apple-scab fungus. Science 46: 280-282. Abstr. in Int. Rev. Sci., & 
Pract. Agric. 8: 1161. 1917. 

The outbreak of wheat rust in 1916. Monthly Bull, of Agric. Statistics 11 : 61—67. 1918. 
Cultures of heteroecious rusts in 1918. Myeologia 11: 129-133. 1919. 

Methods for controlling smut. Public Service Monthly (Sask.) 8: 14. May, 1920. 

A smut of western rye grass. (Abstr.) Phytopath. 10: 316. 1920. 

Cultures of Puecinia Clematidis (DO.) Lagerh. and Puccinia Impatientis (Schw.) Arth. 
Myeologia 12 : 292-295. 1920. 

Plant disease investigations in Western Canada. Agr. Gaz. Canada 8: 318-320. 1921. 

Biologic forms of wheat stem rust in Western Canada. (With D. L. Bailey.) (Abstr.) 
Phytopath. 11; 202. 1921. 

Report of the Saskatoon Laboratory of Plant Pathology in co-operation with the TJniver- 
sity of Saskatchewan, and the Dominion Laboratory at Indian Head, for 1920-21. 
In Division of Botany Interim Report for year ending Mar. 31, 1921: 93-107. 
Canada Dept. Agr,, Ottawa. 1921. 

Cultures of heteroeeious rusts, 1920-21. Myeologia 14 : 228-230. 1922. 

Report of the Dominion Pield Laboratory of Plant Pathology, Saskatoon, in co-operation 
with the Dniversity of Saskatchewan, and the Dominion Field Laboratory at Indian 
Head, for 1921. In Interim Report of the Dominion Botanist for the year ending 
Mar. 31, 1922 : 61-72. Canada Dept. Agr., Ottawa. 1922. 

Report of the Dominion Field Laboratory of Plant Pathology at Saskatoon, in co-operation 
with the University of Saskatchewan, and the Dominion Field Laboratory at Indian 
Head for 1922. In Report of the Dominion Botanist for 1922: 43-63. Canada Dept. 
Agr-, Ottawa. 1923. 

Dusting with copper carbonate and other substances for smut control. (With P. M. 

Simmonds.) (Abstr.) Phytopath. 13: 293. 1923. 

Co-operative experiments with copper carbonate dust and other substances for smut con- 
trol. (With P. M. Simmonds.) Sci. Agr. 3: 297-302. 1923. 

Seed treatment for smut control. (With P. M. Simmonds.) (Abstr.) Phytopath. 14: 
347. 1924. 

Report of the Dominion Pield Laboratory of Plant Pathology in co-operation with the 
University of Saskatchewan. In Report of the Dominion Botanist for 1923 : 38-48. 
Canada Dept. Agr., Ottawa. 1924. 
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Co-operative experiments with copper carbonate dust and other substances for smut con- 
trol in 1923. (With P. M. Simmonds.) Sci. Agr, 4: 257-263. 1924. 

^^Take-alF^ of wheat in Western Canada. (Abstr.) Phytopath. 14: 347. 1924. 

Culture experiments with heteroecious rusts in 1922, 1923, and 1924. Mvcologia 17 : 78- 
86. 1925. 

The present status of the barberry eradication campaign in Western Canada. (With V. 

W. Jackson and p. L. Bailey.) Sci. Agr. 5: 375-378. 1925. 

Eeport of the Dominion Field Laboratory of Plant Pathology, Saskatoon, Sask. In Re- 
port of the Dominion Botanist for 1924: 65-71. Canada Dept. Agr., Ottawa. 1925. 
The Dredinales of the Prairie Provinces of Western Canada. (With I. L. Conners.) 

Proc. and Trans. Roy. Soc. Canada, Ser. 3, 19 (Sect. 5) : 279-308. 1925. 

The take-all disease in Canada. (With P. M. Simmonds and R. C. Russell.) (Abstr.) 
Phytopath. 16: 80-81. 1926. 

Smut of western rye grass. (With G. A. Scott.) Phytopath. 16: 473-477. 1926. 

A eytological study of Puccinia ooronata Cda. on Banner and Cowra 35 oats. (With Mable 
A. Ruttle.) (Abstr.) Phytopath. 17: 748. 1927. 

A eytological study of Puccinia coronata Cda. on Banner and Cowra 35 oats. (With Mable 
A. Ruttle.) Univ. of Cal. Publ. in Bot. 14: 21-72. 1927. 

Studies of the sedge rus.t, Puccinia Caricis-Shepherdiae, (With G. A. Ledingham.) 
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A THECAPHORA SMUT ON POTATOES 


(Accepted for publication March 25, 1944) 

Barrus and Muller^ described a disease of potato tubers^ known locally 
as huha disease, occurring in the Andes Mountains of Venezuela on Andean 
varieties (Solanum andigenum Juz. et Buk.). It is characterized by the 
presence of warts or lumps on the surface and by numerous brown specks 
throughout the flesh. These specks prove to be cavities filled with rustv 


Fig. 1, Thecdphora solani on Solanum andigenum. A. Longisection of a tube 
showing lobed surface and internal specking, xl.2. B. Sori of smut in fiesh, x31.7 
2; Sp(^eballs, x 328.5. B. Young sorus showing phellem, x 166.25. Photographed b: 
W. B. Pisher. B and I) from stained slides made by Euby Eiee. 

1 Barrus, M. P., and A. S. Muller. An Andean disease of potatoes. Phytopath. 33 
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brown sporeballs consisting of 1 to 8 spores prominently and abundantly 
verrueose on the exposed surfaces (Pig. 1, A, B, and C). 

Since that article was prepared, I have had an opportunity to examine 
other material sent by J. Camero Zamora from the same locality as well as 
material sent by John A. Stevenson of the United States Department of 
Agriculture from Peru, from Ecuador, and from the original collection by 
Chardon in Venezuela. Attempts have been made to germinate the spores, 
but thus far without success. It was first thought impossible to determine 
the pathogen without observing the type of spore germination but, after 




Fig. 2. Sporeballs of four species of Thecaphora showing similarity in shape, size, 
and character of outer wall. Drawn to the same scale with aid of camera lucida by 
Carlos Garees. Dry spores mounted in Shear mounting fluid, except B which is from 
a stained tissue section made by Ruby Rice. A. T. solani Bar., CDPB 33247 : B. T, solanL 
CUPP 29427 j C. T. pustulata Clin. CUPP, Fungi of Puerto Rico 458; D. T. pustulaia, 
optical section of C; E. T. deformans D. et M., Zillig Ust. Eur. 84; F. T. irailii Cke. 
Krieg. Fung. Sax. 1451. 


making a comparison of the sporeballs of this fungus with those of other 
species of smut fungi, I have come to the conclusion that it is a new species 
of Thecaphora. This conclusion is based on the similarity to several other 
species of this genus in size, shape, and color of the sporeballs, the number 
of spores composing them, and the thick verrueose wall on their exposed 
surfaces (Fig. 2). The spores of these other species have also been germi- 
nated with difficulty or not at all. 

The sporeballs of this new species of Thecaphora in the several collections 
are very similar but the average measurements differ slightly. The spores 
have a definite inner Wall up to 1 p thick. The spore measurements given 
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here do not include the outer wall because of the difficulty of determining 
its exact limits. This varies in thickness from about 0.5 p or less on the 
side adjacent to other spores in the ball to as much as 1.5 to 4 on the 
exposed surfaces. 

As Barrus and Muller described the disease and the fructifications of 
the pathogen rather completely, there is given here only a description of 
the fungus sufficient to establish its position. In naming it, consideration 
is given to the possibility of its being classified elsewhere when more infor- 
mation regarding its development is available. 

Thecaphora solani n. sp. 

Sori numerous, embedded in the cortex and pith of warty, lobed, or otherwise mis- 
shapen tubers ; subcircular, oval or irregular in cross section ; up to 1 mm. long ; contain- 
ing rusty to dark-brown spore masses; occasionally two or three sori adjoining each other; 
surrounded when young by phellem (Fig. 1, D) : sporeballs yellowish to rusty brown, 
dusty after exposure to air, mostly subspherie to ovoid, 12-48 x 12-35 consisting of 
2 to 8 adherent spores (usually 3 to 6 and occasionally a single one) ; spores subspherie 
to ovoid or somewhat angular in optical section, 7.5-20 x 8-17.5 p., with contiguous walls 
smooth and the free wall rounded, thick, and abundantly verrucose. 

Habitat: In tubers of an Andean variety of Solanum andigenum Juz. et Buk. 

Type ; CUPPs 29427, collected by Barrus and Muller at Mucuehies, State of Merida, 
Venezuela, on November 19, 1939. Type material has also been distributed to the follow- 
ing herbaria: Mycologieal Collections, Bureau of Plant Industry, IT. S. Department of 
Agriculture, Beltsville, Maryland; New York Botanical Garden, New York City; Parlow 
Herbarium, Cambridge, Massachusetts; Pennsylvania State College of Agriculture, State 
College, Pennsylvania; XJniversity of Michigan, Ann Arbor, Michigan; University of 
Toronto, Toronto, Canada; University of Wisconsin, Madison, Wisconsin; Missouri Botan- 
ical Garden, St. Louis, Missouri; Eoyal Botanic Gardens, Kew, England; and British 
Museum of Natural History, London, England. 

Distribution: Andes Mountains at elevations of 2500 to 3300 meters in Venezuela, 
Ecuador, and Peru. , 

Other Material Examined: BPI 2 71386 and CUPP 33244, collected by Carlos E. 
Chardon near Merida, Venezuela, in August, 1932, and sent by him to the United States 
Department of Agriculture, Bureau of Plant Quarantine, Washington, D. C.; BPI 71388 
and CUPP 33245, collected by J. Soukup, Puno, Peru, in April, 1940; BPI 71387 and 
CUPP 33246, collected by Luis Rodriguez Lz. at Alausi, Ecuador, in January, 1943 ; 
and CUPP 33247, collected by Carlos Gonzalo Salas at MucucMes, Venezuela, on April 
28, 1934, at the request of J. Camero Zamora of the Agricultural Experiment Station, El 
Valle, Venezuela. 

Cornell University, 

Ithaca, New York. 

2 CUPP refers to the herbarium of Cornell University, Department of Plant Pathol- 
ogy, Ithaca, N. Y., and BPI to the Mycologieal Collections, Bureau of Plant Industry, 
U. S. Department of Agriculture, Beltsville, Maryland. 


THE OCCUERENCB OP A VARIANT IN RHIZOCTONIA SOLANP 

L. H. Person 

(Accepted for publication Pebruary 17, 1944) 

In tlie course of studies of varions isolates of Bhkoctonia solani Kiilin, 
a sector was found in a culture, isolated originally from a lesion on a bean 
stem (Pig. 1). Transfers from the sector, when compared with the original 
culture, were found to be distinct, the mycelium being somewhat lighter in 
color and with more aerial growth. As reports of variants in this fungus 
seem relatively rare, being confined to ones by Ullstrup^ and LeClerg,^ a 



Pio. 1. Pai’ent culture of Ehi^octoma solani and sector variant. 

comparative study was made of the temperature relations and pathogenicity 
of the parent culture and variant. 

It is realized that the mode of origin of the sector may be questioned, as 
the original culture was a tissue isolate and may not have come from a single 
hypha. This, however, seems improbable, as the sector did not appear until 
after the original culture had been studied for 3 years under a variety of 
conditions. 

temperature reuations 

The radial growth of the original culture and variant were compared on 
bean-pod agar at temperatures between 15° and 34° C. The results shown 
in table 1 indicate that the parent culture grew more rapidly than the vari- 
ant at 20° and 24°, about the same at 29°, and somewhat more slowly at 34°. 

1 Excerpt from a thesis presented in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy, granted by the University of Minnesota, August, 19^7. 

2 xjiistrup, Arnold J. Leaf blight of China Aster caused by MJmoctoma solani. 
Phytopath. 26: 981-990. 1936. 

»Le01erg, E. L. Studies on a cultural variant of EJikoctonia Phytopath. 

29: 267-274. 1939. 
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TABLE 1 . — Growth of BJmoctonia culture and Us variant as shown hy diameter of 
colony in mm. after 50 hours ( average of 2 tests) 


Culture 

15“ 0. 

20° C. 

24° 0. 

29° C. 

34° C. 

Original culture 

25 

59 

88 

83 

65 

Variant 

24 

47 

76 

83 

69 


PATHOGENICITY 

Inoeulatioiis were made in sterilized soil in the greenlionse to compare the 
pathogenicity of the parent culture and variant. The method was the same 
as given elsewhere.^ To determine the pathogenicity, the stand in per cent 
and the severity of stem lesions were used. To measure the severity of the 
stem lesions caused by a culture, each plant was placed in 1 of 5 classes 
ranging from 0 to 4, zero indicating no stem lesions and 4 indicating that 
the plants were killed. The degree of infection was then calculated as the 
average of the value of the stem lesions on all the plants inoculated with a 
culture. The results of 2 tests (Table 2) show^ed that the variant was less 
pathogenic than the parent culture. 


TABLE 2 . — Comparative pathogenicity of original culture and variant to heans 
(average of S tests of 100 seeds each) 


Inoculum 

Planted in inoculated soil 

! ■ ■ ' ' ■ ■ 

Soil inoculated 
after emergence 
of plants 

Per cent 
stand 

Degree of 
infection 

Degree of infection 

Original culture 

52 

2.21 

3.13 

Variant 

69 

1.01 

1.69 

Control 

84 

0.00 

0.00 


Since a difference between the original culture and variant occurred in 
pathogenicity on beans, 2 more tests were made, which also included soy- 


TABLE 3 . — -Comparative pathogenicity of original culture and variant on deans, 
soyheans, cowpeas, and English peas (average of 2 tests of 100 seeds each) 


Inoculum 

Stand in per cent 

Beans 

Soybeans 

Cowpeas 

English peas 

Original culture 

63 

1 

■ ■ . '40 ' 

0 

Variant 

78 

36 

76 

81 

Control 

92 

56 

94 

94 


beans, cowpeas, and English peas. The results (Table 3) indicate the vari- 
ant was less pathogenic on each host than the original culture. 

4 Person, L. H. Parasitism of Ehwoctonia solani on beans. In mannscript form. 
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SUM.MARY 

A sector variant, whieli occurred in an isolate of Bhizoctonia solani from 
siiapbean, was compared with the original culture in growth rate at different 
temperatures and in pathogenicit37-. The variant differed in growth rate at 
certain temperatures and was less pathogenic than the original culture on 
beans, soybeans, cowpeas, and English peas. 

Department OF Plant Pathology, 

Louisiana Agricultural Experiment Station, 

Baton Eouge, Louisiana. 



Fig, 1. Virulent-mottle (VCM) symptoms in Easter lily seedling. Note narrowed 
leaves and leafless interval in stem with normal leaves above and below. Inoculated Eeb. 
17, 1943. Photographed in 5-ineh pot July 14, 1943, by Mead. 

gesneriana L.) as test plants for lily viruses both at the Oregon Experiment 
Station and at the Plant Industry Station, Beltsville, Maryland. As shown 
later (3) Lilium formosanum Stapf is also a sensitive test plant for most 
lily viruses of the mottle type. Studies on the mottle viruses as well as on 
the necrotie-fleek complex (5) indicate that the mottle viruses are of major 
importance to some garden lilies, but of lesser importance in commercial 

1 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering. 

2 Entomologist, Division of Truck Crop and Garden Insect Investigations, Bureau of 
Entomology and Plant Quarantine, Agricultural Besearch Administration, United States 
Department of Agriculture, Beltsville, Maryland. 
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STUDIES ON LILY VIRUS DISEASES : THE MOTTLE GROUP 


Philip Briebleyi and Eloyd E. Smith 2 
(Accepted for publication March 25, 1944) 


Lily mosaic as reported by Gutermaii (6, 7) was chiefly a mottling 
disease, but the necrotic fleck symptoms in Easter lily {Lilium longiflorum 
Thunb.) were included without recognition of their separate etiology, 
McWhorter’s reports (12, 14) of tulip breaking induced by mechanical 
inoculation with sap of various lilies encouraged the use of tulips {Tulipa 



Pig. 2. Symptoms in OrnitTiogdlum thyrsoides of (A) lily-virulent-mottle virus 
(VCM), and (C) Ornithogalum-mosaic virus, in comparison with (B) healthy control 
leaf. (A) and (0) transferred hy Myzus persicae. xi. 

previously affected with the strong (coarse) mottle (CM). These 5 virus 
cultures were then compared in selected test plants, and parallel determina- 
tions of properties were made in L. formosanum to decide whether they must 
be considered distinct or if they may be interpreted as strains of one virus. 


SOUEGE OF VIEUS CULTUEES 


Easter lily culture. This paper reports dajta on properties, host range, and 
vector relations of 3 lily-mottle viruses assigned to the tulip virus group, 
with comparative data on McWhorter’s (15) Tulip viruses 1 and 2. 

Data on physical properties, host range, and vector relations of the 
strong mottle virus of Easter lily (3) (CM or coarse mottle in our notation) 
have been accumulated since 1937. In 1939 McWhorter supplied samples 
of Tulip virus 1 and Tulip virus 2 (15) in tulips, and of a latent virus of 
lily (14) in Lilium iigrinum Ker-Gawl. A more virulent virus (VCM or 
virulent coarse mottle) appeared in 1942 in Creole Easter lilies (Fig. 1) 


CM (coarse mottle), the common mottling virus of Louisiana Creole 
Easter lilies, isolated from one of these in 1937, passed through tulip, and 
repeatedly subcultured in Lilium longifiorum hudi L. formosanum seedlings. 
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VCM (virulent coarse mottle), transferred from a naturally affected 
Creole Easter lily to Ornithogalum thyrsoides Jaeq. (Fig. 2) and thence to 
Easter lily seedlings by Myzuspersicae Sulz., then subcultured mechanically 
in Easter lily and Lilium formosanum seedlings. 

LT, a latent virus isolated from Lilium tigrinum furnished by Mc- 
Whorter in 1939, and subcultured in L. tigrinum and L. formosanum. 
Inasmuch as this LT culture produces predominantly dark breaks in tulips, 
it should not be construed as typical of the latent virus of lily reported by 
McWhorter (14). 


TABLE 1. — Symptoms of S mottle viruses in d selected test plants 


Yirus 

Easter lily 

Lilium 

formosanum 

Lilium tigrinum 

Clara Butt tulip 

VCM 

Coarse mottling, 
striping, twist- 
ing, and narrow- 
ing of leaves ; 
occasionally 
flower distor- 
tion. 

Yellowing, dwarf- 
ing, fine green 
islands on yellow- 
ish green ground. 

Gray surface etch 
followed by gen- 
eral yellowing and 
death. 

Mild leaf mottling ; 
mixed type flower 
break, bleaching 
predominant. 

CM 

Coarse mottling 
only. 

a 

( i 

Strong yellow leaf 
mottling; mixed 
type flower break, 
bleaching pre^ 
dominant. 

LT 

Symptomless. 

No yellowing; no 
dwarfing; upright 
habit; green 
island mottling. 

Fine green 
mottling, soon 
masked. 

Barely perceptible 
leaf mottling; 
mixed type flower 
break, intensifica- 
tion predominant. 

TVl 

Symptomless. 

No yellowing; no 
dwarfing; upright 
habit; sparse and 
fine green islands. 

Green mottling, 
soon masked. 

Mild leaf mottling ; 
mixed type flower 
break, bleaching 
predominant. 

TV2 

Symptomless. 

No yellowing; no 
dwarfing; upright 
habit; coarse 
dark and light 
green mottling. 

Gray surface etch 
only. 

Mild leaf mottling ; 
mixed type flower 
break, intensifica- 
tion predominant. 


TVl, tulip virus 1 (15) isolated from Clara Butt tulip furnished by 
McWhorter in 1939; and subcultured in tulip and Lilium formosanum. 

TY2, tulip virus 2 (15) isolated from Farncombe Sanders tulip fur- 
nished by McWhorter in 1939, and subcultured in tulip and Lilium 
formosanum. 

GENERAL CHARACTERIZATION OF THE FIVE MOTTLE VIRUSES STUDIED 

The principal test reactions by which these 5 viruses are distinguished 
are shown in table 1. The Easter lily mottle virus (CM) is characterized 
by coarse mottling without leaf distortion in this species (Fig. 3), by bleach- 
ing or color removing breaks in tulips (Fig. 4), and by its killing effect in 
tiger lilies (Fig. 5, A). This virus is apparently universal in Creole Easter 
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lilies. Some lines of this variety are typically symptomless, e.g.j the Nor- 
wood cion from Louisiana and a stock indistinguishable from Creole re- 
ceived from a Florida source. These symptomless stocks give the charac- 
teristic test reactions for CM in Lilkim farmosanum (Figs. 5, B, and 6, B), 
L. tigrimim (Pigs. 5, A, and 7, A), and tulip (Fig. 4). 

Virulent mottle virus (VCM) produces effects similar to CM in all test 
plants but two. This virus alone of the mottle group has been transmitted 
to Ornitliogahim tliyrsoides, inducing a conspicuous coarse green mottling 
(Pig. 2), distinct from the fine green mottling of Grnithogalum mosaic (18). 
In Easter lily, VCM produces yellow stripes as well as mottling (Pigs. 1, 3), 
and also various leaf deformations. Some leaves are curved laterally, others 



Pig. 3. Leaf symptoms in Easter lily. Left to right VCM, CM, LT, TVl, TV2. 
The last 3 symptomless, proved by indexing. Photographed by Mead. 

are greatly reduced in width, and some are filiform. Occasionally Easter 
lily stems are bare of leaves for several inches with mottled leaves of nearly 
normal form above and beloAv. When a zone of strong symptom expression 
occurs at bud stage, the flowers are variously deformed, with curled and 
narrowed pexnanth segments. VCM was first recognized in 1942, in several 
commercial fields in Louisiana, and in several greenhouses at Beltsville, 
Maryland, always in Easter lily stocks of previous CM history. Circum- 
stances suggested a variant of CM rather than a new virus contaminant, and 
data subsequently obtained support this assumption. Survival of VCM 
from season to season in Creole lilies grown under glass has been low, 1 in 
17 in one lot, the remainder reverting to CM symptoms. 


A latent virus (LT) in tiger lily, obtained from McWhorter (14), pro- 
duces dark intensifying flower breaks in tulip (Pig. 4), thus differing 
sharply from TVl with which it agrees rather closely in other test-plant 




Fig, 4. Symptoms of tulip-breaMng viruses in flowers of Clara Butt tulips. A, 
YCH; B, CM; 0, TVl; B, LT; E, TV2; F, normal flower. A, D, E transferred by 
My^us persioae; B/ C transferred meebanically. Pbotographed February, 1943, current 
season symptoms, 

tigrimim were considered identical witli TVl, but be has later ( 16 ) pointed 
out eytologieal symptoms that distinguish some of them. The bleaching- 
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type breaks in tulips reported characteristic of ‘‘lily latent virus” in his 
first report (14), and pointing to identity with TVl, often result from 
inoculations from Easter lily and L, candidum into tulips, but not from this. 


Pig. 5. Beaetions of tulip-breaking viruses in (A) Lilium tigrinum in 4-inch pots 
inoculated Mar. 24, 1943, and (B) L. formosanum in 5-inch pots inoculated Mar. 25, 1943. 
Left to right VCM, CM, LT, TYl, TV2, control. Note VCM and CM are fatal to X. 
tigrinum, cause dwarfing in L. formosanum. Photographed May 8, 1943, by Mead. 

L. tigrimm source. The virus we term LT in this paper, therefore, may be 
regarded as a sample of latent virus from L. but not as type 

material of McWhorter ^s latent virus of lily (14). LT or a similar virus 
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is common but not nniversal in tiger lilies, stocks free from it baving come 
to our hands from Maryland, New York, Oregon, and Vermont. Affected 
tiger lilies usually show a well-defined, mild, green leaf mottling in early 
stages of development, but become symptoniless before flowering. 

Tulip viruses 1 and 2 were segregated by McWhorter (15) as bleaching 
and intensifying components, respectively, which in mixture produce the 
average break or Rembrandt type in various Darwin tulips. These viruses, 
although uncommon in lilies, are obviously more or less closely allied to 
the lily-mottle group. Tulip virus 1 (TVl) differs from Tulip virus 2 
(Ty2) and from LT in producing bleaching breaks in tulip (Pig. 4) and 
differs from CM and VCM in failing to produce symptoms in Easter lily 



A . B c D E F 

Pig. 6. Symptom expression of mottle viruses in leaves of Lilium formosanum: A, 
VCM; B, CMj C, LT; B, TVl; E, TV2; F, control. Photo, graphed 36 days after 
inoculation, 

(Fig. 3). TV2, a color-adding or intensifying type in tulip (Pig. 4), differs 
from the other viruses, except LT, here discussed in this respect. It is 
distinct from LT in the detailed symptoms expressed in both L, tigrinum 
(Pig. 7) and i. /ormomwm (Pig. 6). 

The symptoms in Lilium formosanum (Pigs. 5, B, 6) fail to 

distinguish VCM from. CM, but are recognizably different for the other 3 
viruses studied. Inasmuch as VCM is known only from Easter lily, in which 
it is distinctive, L, formosafium is a valuable test plant for preliminary 
classification of unknowns. The CM and LT types encountered in lilies 
yield distinctive reactions in all the test plants listed (Pigs. 3, 4, 5, A, B, 
6, 7, 8). The sharpest distinction between these 2 virus types is found in 
L. tigrinum in which LT is symptomless after mild mottling in early growth, 
but which CM kills outright in 6 to 8 weeks (Figs. 9, 10, 5, A). 



Fig. 7. Symptom expression of mottle viruses in leaves of Lilium tigrinum: A, lily- 
mottle virus CM (similar reaction from VCM not shown) • B, LT; 0, TVlj D, TV2. 

Some virus cultures obtained in earlier indexing (3) were retained for 
a time and tested on Easter lily and tulip as well as Lilium formosanum, 


Fig. 8. Symptom expression of mottle viruses in leaves of Clara Butt tulip: A* 
VCM; B, CM; C, LT; TVl; E, TV2j in eomparison with (F) control. A, B, C, E 
transferred by Myzus persioae, D transferred mechanically. Photographed by transmitted 
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blit the L, tigrinum test was not then in use. The reactions of these 3 test 
plants indicate the presence of CM in Easter lily from several sources in- 
cluding occasional plants from OregoUj in some stocks of L. candidum from 
Oregon, in one L, sargentiue Wilson from Maryland, and in one L, superhim 
L. from New York. Eeactions characteristic of LT were found for cultures 
from L. auratum Lindl. of Japanese origin, from some L. tigrinum^ L, 


Fig. 9. Initial symptoms of OM photographed 15 days after inoculation into pre- 
viously healthy Lilmm tigrinum (in 6-ineh pot) . Gray etch in leaves immediately above 
those showing rubbing injury. » 

candidum, and L, superbum plants from New York, and from some Easter 
lilies from Oregon. Some isolates fail to fit the categories of table 1, which 
was prepared to distinguish the 5 cultures herein discussed, but which is 
not intended as a key to all mottle viruses affecting lily and tulip. 

HOST RANGE OP THE EASTER LILY MOTTLE VIRUS (CM) 

CM, which is readily transmissible by sap with the aid of carborundum, 
was tested by this method on a wide range of plants. No hosts were found 
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among 79 species of dicotyledonous plants representing 66 genera and 29 
families, and including many of the common vegetable and ornamental 
plants. Subinoculations to Lilium formosanum from many of these plants 
were also uniformly negative. It is therefore believed unlikely that this 
virus is capable of infecting dicotyledonous plants. 

A further survey of representative monocotyledons revealed no hosts 
for CM virus outside the Liliaceae, and few in this group. The following 
monocots were tested without result. Amaryllidaceae : Amaryllis hybrids, 



Pig. 10. Symptoms of CM in Lilium tigrinum (A) in eomparison witli control (B). 
(A) inoculated with LT in June, 1942, followed by CM in March, 1943. Photographed 
(in 5-iuch pots) by Mead 45 days after CM was superimposed on LT. No protection 
was afforded by LT. 

Narcissus pseudonarcissus h,, Zephyranthes sp. ; Amacis^a-e: Philodendron 
sp., Zantedeschia aethiopica Spreng.; Cannaceae: Ganna generalis Hort. ; 
CoMMELiNACEAE : Commelina coelestis Wiild., (7. communis L., Bhoeo dis- 
color Hance; Dioscorbaceae : Dioscorea alata h, ; GnAumBAE: Avena sativa 
L., Saccharum officinarum L., Secale cereale h., Zea mays L. ,* Iridaceae; 
Moraea irid/ioides L., Triionia crocata Ker-GawL ; Liliaceae : Agapanthus 
africanus (Jj.) Hoffmg., Allium cepaJj.y A, cernuum Both., Aloe sp., Aspara- 
gus sprengleri Asphodeline lutea Reichb., Brodiaea uni flora Baker, 

Dracaena fragrans Ker-GawL, Z>. sanderiana Hort, Gloriosa rothschildiana 
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O’Brien, G. siijoerha h., Hyacinthus orientalis L., Kfiiphofia tuchi Baker, 
Muscari polyantMim Boiss., Nothoscordum fragrans Knntli., Ophiopogon 
jahuran hodd., Ornithogalum thyrsoides Jacq., S cilia Mspanica Mill., 
Tricyrtis Mria Hook., Yucca flaccida Haw. ; Marantaoeae : Maranta licolor 
Ker. ; Musaceae : Musa cavendiskii Lamb. ; Zingiberaceae : Sedychium 
coronarium Koenig. 

The established hosts of the CM virus are listed in table 2. In addition to 
species of Lilium, Galachortus sp., Fritillaria piidica Spreng., and Zygadenus 
fremontii Torr. have been shown to be susceptible. No symptoms were 
recognized in the two first named, but the virus was recovered. Zygadenus 
fremontii developed a fine green mottling resembling the pattern of iris 


TABLE 2. — Proved host plants of the Paster lily mottle virus (CM) 


Plants inoculated 

No. of 
trials 

Plants 

affecteda 

Symptoms 

Subinocu- 

lation 

Calochortvs sp. 

4 

?/25 

None 

+ 

Fritillaria pudica Spreng. 

2 

?/10 

C i 

+ 

Lilium dauricum Ker-Gawl. 

1 

2/2 

Mottling, yellow- 
ing, death 


L. davidi Puchartre var. 
Willmottiae 

1 

1/4 

Mottling 

-f 

L. elegans Tliunb. 

1 

3/3 

Necrotic spots, yel- 
lowing, death 


L. formosanum Stapf 

35 

242/257 

Mottling 


X. leucanthum Baker 

1 

3/5 

C i 

+ 

X. longiflorum Thimb. 

28 

195/275 

( ( 

+ 

X. superhum L. 

1 

2/5 

i i 

+' 

X. tigrinum Ker-Gawl. 

10 

46/48 

Necrotic spots, yel- 
lowing, death 

+ ■ 

X. umhellatum Hort. 

1 

343 

Mottling, yellow- 
ing, death 
Mottling, flower 
breaks 


Tulipa gesneriana L. 

39 

264/428 

+ 

Zygadenus fremontii Torr. 

3 

5/11 

Mottling 

+ 


a Number plants affected over number exposed. 


mosaic in bulbous iris. None of these plants were found naturally infected 
on receipt from plant dealers. Guterman (6) found Fritillaria camtschat- 
censis L. naturally affected with a mosaic only when grown in a nursery 
near affected lilies. 

Comparatively few species of Lilium have been adequately tested for 
susceptibility because of the difficulty of obtaining vigorous stocks of known 
freedom from virus. Inoculation with CM resulted in mottling in seedlings 
of L. davidiYav. Willmottiae, L. leucanthum, and L. super'bum^ and the virus 
was recovered from each of these. Lilium dauricum, L. elegans, L. tigrinum 
(Pigs. 9, 10, 5, A), and L, umlellatum seedlings were killed by the virus. In 
parallel tests mechanical inoculation produced no infection in L. daridt, L- 
henry i Baker, L. pardalinum lK,ellogg, ox L. regale Wilson seedlings, and 
transfers of Aphis gossypii Glover led to no infection in L. humioldti Bjoezl. 
and Leicht var. magnificum Fuidy, ox in L. parvum Kellogg, The virus 
was not recovered from these species, but single trials even under conditions 
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favorable for infection of other species are not considered conclusive. As 
stated above, the CM type has been recovered from naturally affected L. 
eandidum. It is to be expected that many other species of Lilium will prove 
susceptible, but this is the complete host list thus far proved for the CM 
virus. 

VCM is mechanically transmissible to and from the test species listed in 
table 1. It has been so transmitted to Zygademis fremontii, inducing symp- 
toms indistinguishable from those of CM, but failed to infect Calochortus sp. 
in a single trial. Other host species of CM (Table 2) have not been inocu- 
lated with VCM. This virus alone of the group discussed herein has been 
transmitted to Ornitho g alum thy rsoides by Myzus persicae (Pig. 2). Me- 
chanical transfer from Easter lily to Ornithogalum failed, but VCM estab- 
lished in Ornithogalum by M. persicae was mechanically transferred to Orni- 
thogalum, to Easter lily, and to L. formosanum. Myzus persicae ^ an efficient 
vector of VCM, failed to transfer this virus from Easter lily to Imperator 
iris (Iris filifolia Boiss.), to Allium cernuum Both., to California Bed onion, 
to Allium fistulosum L., or to A. porrum L. The known host range of VCM 
thus coincides with that of CM with 2 discrepancies, namely, the failure of 
VCM to infect Calochortus in a single trial, and the positive infection of 
Ornithogal'iim thyrsoides. 

LT failed to infect either Zygadenus fremontii or Calochortus sp. in 
single trials. It may occur in additional species of lilies in nature, but only 
the species listed in table 1 have been experimentally infected. Similarly 
TVl and TV2 have been studied here only in the 4 test plants listed in 
table 1. McWhorter (13) reports negative tests on onion, iris, narcissus, 
Brodiaea, and Camassia. The 2 tulip viruses have proved difficult to trans- 
mit from Lilium formosanum to Easter lily by sap, but this transfer has been 
proved by return inoculations from some of these symptomless Easter lilies 
to jL. formosanum, 

PROPERTIES OF THE EASTER LILY MOTTLE VIRUS (CM) 

Preliminary data on the physical properties of CM were collected soon 
after this virus was recognized. It wms soon evident ihat Lilium formosa- 
num was a favorable source and test plant for such studies, but heavy 
demands on available stocks of this species as a test subject for subinocula- 
tion and indexing made it impracticable to complete property studies at 
once. Some determinations were therefore made with Easter lily as the 
source plant and Clara Butt tulips as test subjects. Sap for such tests was 
extracted in mortars and strained through cloth but not further cleared or 
purified. In thermal inactivation tests, 2-cc. samples of undiluted juice were 
pipetted into standard test tubes sold for this purpose, and heated in a De- 
Kotinsky water bath. In aging experiments undiluted juice was stored at 
18° C. in open containers and 2-ec. samples tested for activity at stated inter- 
vals. For drying tests 5-cm. squares of cheesecloth were saturated with 
freshly extracted juice and suspended in shade at room temperature. After 
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stated intervals these squares were soaked in 10 cc. of tap water and used 
as inoculation pads. 

Data on properties of CM virus are shown in table 3. The thermal 
inactivation point apparently lies between 60° and 65° 0. and the dilution 
end point between 10"^ and 10"^. The virus withstood aging 1 day but not 
2 days, and was inactive after drying 1 day on cloth squares. Consistently 
lower tolerances were found when mottled Easter lily seedlings served as 
source of virus and forced Clara Butt tulips as test plants, indicating that 
this combination of species is poorly adapted to property studies. Norwood 
Creole Easter lily, a symptomless cion carrying the CM virus as shown by 
the reaction of tulip, Lilium formosanurriy and L, tigrinuniy yielded even 
lower readings, suggesting that the concentration of CM in this cion may be 
very low. 

PROPERTIES OP FIVE VIRUSES OF THE TULIP GROUP 

Parallel determination of properties of the 5 viruses were made in Lilium 
formosanum^ the same species serving as source of virus. In general the 
source material was taken from plants about 3 weeks after inoculation when 
symptoms were well expressed and abundant leaf material was available. 
The procedures were as described above. In each experiment the source 
material, test plants, and manipulations were as uniform as possible for the 
5 viruses compared. Each determination was duplicated, the results of the 
2 separate trials being listed together in table 4 for convenience of com- 
parison. ' 

Thermal inactivation points between 60° and 65° C. were found for 
VCM, CM, and TVl, the 3 viruses that induce color removing or bleaching 
breaks in tulip, while points between 55° and 60° C. were found for LT and 
TV2, the viruses that induce color-adding, or intensifying, breaks in tulips. 
These data are consistent, and also in good agreement with the previous data 
for CM (Table 3) ; but McWhorter (13), who determined thermal inactiva- 
tion points for TVl and TV2 by inoculation from tulip to tulip, reports end 
points between 65° and 70° C. for both viruses with the comment ^‘we have 
been unable to distinguish or separate the 2 viruses on a physical property 
basis.’’ 

The dilution end points found are less consistent than the thermal inacti- 
vation points. The differences between duplicate determinations on a single 
virus are as large as those between different viruses in a given test, except 
that LT yielded uniformly low end points. Dilution is the best index of 
concentration available for these viruses, and variable results such as these 
may indicate wide differences in concentration between samples assumed 
to be comparable. Such differences may be expected to affect other property 
determinations. According to these data the dilution end point of TVl is 
beyond 10-^ that of VCM between lO-^ and 10"^ that of CM between 
and 10~^ that of TV2 between 10™^ and 10"®-^'*, and that of LT between 10"*^ 
and 10~^. Again it should be noted that McWhorter (13) found no differ- 



Kumber of plants infected over nnmber exposed. 



TABLE 4. — Froperties of 5 vinises of the tulip group, as determined in sap of 
Lilkm formosanum tested on L. formosanum 


»i\uuiut!x ux xjuxtjcLwa ojl u exposea. 

^Number of plants infected of 8 exposed, 

c Number of plants infected of* 10 exposed. 


Temperature, ° 0. during 10 min. exposure 
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eiices ill dilution properties between TVl and TV2, reporting both infectious 
at dilutions of 10"^ 

The tests on tolerance of aging were not continued beyond 6 days, as 
earlier determinations for CM (Table 3) indicated an end point between 1 
and 2 days. These tests failed to establish end points for YCM and TVl, 
both of which were active after 6 days’ aging. The CM virus was active 
after 5 days but not after 6 days, and both LT and TV2 produced infection 
after 4 days’ but not after 5 days’ aging. Guterman (6) found the virus 
causing mottling of Lilmm specioswm Thunb. var. rubrum Masters to be 
infectious to this species after aging 2 hours but not after 2J hours or more. 

In the first experiment on tolerance to drying on cloth squares none of 
the 5 viruses were active after 4 hours or more, but in a duplicate experi- 
ment VCM was found infectious after 6 hours’ drying, CM and TVl after 
4 hours’, but not after 6 hours’ drying, while TVl and TV2 failed to with- 
stand 2 hours’ drying under these conditions. McWhorter (13) reports 


TABLE 5 . — Bnd points determined for i physical properties of mottle viruses 


Virus 

Thermal 

inactivation 

(°0.) 

Dilution 

Aging 

(days) 

Drying 

(hours) 

VCM 

60 

10-' 

6+ 

6 

TVl 

60 

10-' 

6+ 

4 

CM 

60 

10-n.r> 

5 

4 

TV2 

55 

io-« 

4 

0 

LT 

55 

lo-’- 

4 

0 


TVl and TV2 still active after 11 days’ drying in tulip leaves. Guterman 
(6) found no virus capable of infecting Lilmm speciosiim rubrum in leaves 
of this species or leaves of L. auraium or L, longiflorum that had dried 
completely between blotters. 

The experimentally determined end points for the 5 viruses are collected 
for convenient reference in table 5. Although the differences between ex- 
tremes may be considered sufficiently great to separate distinct viruses, the 
5 viruses obviously form a related series. The 3 viruses VCM, TVl, and 
CM, which are the ones causing color-removing breaks in tulips, show close 
agreement in properties, with tolerances higher than those of the 2 color- 
adding viruses TV2 and LT. 

VECTOR RELATIONS OP THE MOTTLE VIRUSES 

Only Aphis gossypii had been established as a vector of lily viruses when 
the present study was undertaken. Ogilvie (17) found this species to be 
the sole vector of lily-rosette virus. Guterman (6) found that A, gossypii 
transmitted a virus from mosaic LSwm speciosum rubrum to L. speciosum 
rubrum {10/10, 8/10), to L. longiflorum formosum (6/10, 13/20), and to 
£, auratum {4:/ 5) ; from L. auraium to L. longiflorum formosum (3/5) and 
to L, speciosum rubrum {0/^) ; and from i. longiflorum formosum to L. 
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speciosum ruirum (4/5). He also showed each of 4 stages of this vector tO' 
be capable of transmitting the virus, and proved a single aphid could trans> 
mit it. In similar trials Guterman obtained negative results with A. ogilvei 
Theob., A. falae Scop., Macrosiphum solanifolii Ashm., Myztts circumflexus 
Buckt., and M. persicae. Guterman ^s results cannot be satisfactorily cor- 
related with the writers’ at present, because he dealt largely with the virus 
causing stripe mottling in L. speciosum and L. aura^um, species not yet 
studied in detail by the present writers. 

The demonstration (2, 12, 14) that certain lily viruses could induce 
breaks in tulips closely similar to those brought about by the tulip-breaking 
viruses in nature suggested that these lily viruses might be transmissible 
by the vectors of tulip-breaking viruses, Macrosiphum solanifolii and Myzus 
persicae (4, 9, 10, 11). A study of vectors of lily viruses, with particular 
emphasis on Easter lily viruses, was therefore undertaken in 1939. 

Methods 

Plants were moved to a separate insectary greenhouse for aphid inocu- 
lation trials. In the early experiments non-viruliferous aphids were colo- 
nized on infected source plants and allowed to feed for several days or 
longer before they were transferred to healthy test plants. In later tests 
such non-viruliferous aphids were transferred from favorable food plants 
to Petri dishes containing pieces of leaves, stems, or flowers from the dis- 
eased source plant and allowed to feed for 1 to 3 hours. When such source 
material was held at about 18° C. the aphids settled down and fed readily 
but wandered about and congregated on the top or sides of the dish when 
temperatures were higher. These pieces of source plant material with the 
aphids in place were then transferred by forceps to pieces of paper resting 
on leaves of the healthy plants being inoculated, thus avoiding contact of 
the diseased material with the healthy plants. Under these conditions the 
aphids moved freely to the leaves of the test plants as the source material 
withered. After 1 to 5 days’ feeding the survivors were destroyed by 
pyrethrum or rotenone sprays, and the plants were returned to the aphid- 
free greenhouse for observation. 

Aphis gossypii extricates its mouth parts from the plant tissue with 
greater difficulty than do the other species investigated and was therefore 
transferred by brush less readily. It may be that lower percentages of dis- 
ease transmission by this species were due in part to injury of individuals 
during handling. This did not apply to Macrosiphtm solanifolii, however, 
which is readily transferred by brush. 

Experimental Results 

The data in table 6 show that Macrosiphum solanifolii and Myzics 
persicae, as well as Aphis gossypii are vectors of CM. No transmission was 
effected by A. fahae, Macrosiphum lilii Monell, Myzus circumflexus, or 
Myzus convolvuli Kalt. under comparable conditions. Negative results were 
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confirmed by mechanical subinocnlation to Lilium formosanum. It is of 
interest Macrosiphum Ulii^ Myzus convolvuli, and Myzus circumf,exus 
colonize readily on Easter lilies but do not transmit this virus, while Aphis 
gossypii is the only vector species with similar host preferences. Macro- 
siphum solanifolii and Myzus persicae will colonize maturing healthy plants 
but die within a few days on younger growth. 

Aphis gossypii proved to be comparatively inefficient as a vector of CM. 
Its failure to transmit from Easter lily to Lilium tigrinum is particularly 
surprising inasmuch as this transfer is easily accomplished mechanically. 
In view of this failure little 'weight is placed on the negative results on 
L. humholdtii magnificum and L. parvum, Macrosiphum solanifolii was 
also inefficient in these tests, and even Myzus persicae gave low proportions 
of transfer in earlier trials ; but in later tests, with use of the Petri-dish 
method and short feeding periods on source plant tissue, it was highly 
efficient. This species was utilized in comparative trials with VCM, TVl, 
TV2, and LT. If an incubation period of these viruses occurs in Myzus 
persicae it is less than 1 day^s duration since successful transfers w^ere 
obtained within that period. 

VCM was readily transmitted by Myzus persicae (Table 7) from Easter 
lily to Easter lily, Lilium tigrinum, and tulip, and some'what less readily 
to Ornithogalum thyrsoides. When established in Ornithogalum, this virus 
was readily transferred to Ornithogalum, Easter lily, and tulip. Symptoms 
induced in L. tigrinum on transfer of V CM by M. persicae agreed fully with 
those produced mechanically, including initial gray surface flecking with 
subsequent progressive yellowing and death. As already noted, M. persicae 
in parallel trials failed to transmit VCM to onion. Allium cernuum, A. 
fistidosum, A. porrum, or Iris fiUfolia. Myzus circumflextis from similar 
source material failed to transmit VCM to tulip, Easter lily, or Ornithog- 
alum; no evidence has been found that this species can transmit either 
CM or VCM. 

In parallel trials (Table 7) Myzus persicae transferred TVl, TV2, and 
LT to tulip with high efficiency, but failed to transfer any of these to 
Ornithogalum thyrsoides. Symptoms induced in tulips on transfer of the 
viruses by M. persicae, agreed closely with those produced on mechanical 
inoculation with the same viruses. Symptoms tended to appear earlier 
following aphid transfer. Clara Butt tulips, exposed to aphids soon after 
the leaves appeared above the soil, developed recognizable leaf symptoms 
11 days after introduction of TVl in one test. Other viruses producing 
strong leaf symptoms (CM, VCM) sometimes produced symptoms in 15 or 
16 days, but TV2 and LT, which mottle tulip leaves weakly or not at all, 
were not positively diagnosed until the tulips flowered, 30 to 38 days or 
longer after inoculation. 

In a few additional trials (Table 8) commercial Rembrandt tulips, carry- 
ing TVl and TV2 in mixture according to McWhorter (15) interpretation, 
served as source plants and Lilium formosanum as test plants. The estab- 
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lislied vectors of tulip breaking (4, 9, 10, 11) , Macrosiphum solanifoUi aiiA 
Myzus persicae^ eSeeted transfer of viruses as expected, and 2 species that 
failed to carry lily mottle viruses, Macrosiphum lilii and My ms circum- 
flexus, also failed to carry tulip-breaking viruses. Aphis gossypii, an inef- 

TABLE 1 .—Transmismon of the mottle viruses VCM, TVl, TV^, and LT hy My ms 
perslcae 


Source of 
virus 

Plants 

exposed 

No. 

tests 

Plants 

affected‘1 

Minimum 

incubation 

period 

(days) 

Symptoms 


Virulent mottle virus (VCM) 


Easter lily 

Easter lily sdlg. 

,15 

67/93 

11 

Mottle, leaf dis- 
tortion 

( i a 

L. tigrinum 

1 

5/5 

8 

Gray flecks, yellow- 
ing, death 

n il 

Clara Butt tulip 

. 4 

29/35 

16 

Mottle, flower-break 

. a ( ( 

Ornithogalum 

thyrsoides 

4 

9/20 

22, 

Mottle 

Ornithogalum 

thyrsoides 

e ( 

1 

4/5 

26 

a 

' i ( 

Easter lily sdlg. 

i ' t 

4/5 

14 

Mottle, leaf dis- 
tortion 

( c 

Clara Butt tulip 

1 

5/5 

15 

Mottle, flower-break 

L. forniosanum 

u n 

1 

5/5 

15 

li tc 


Tulip virus 1 (TVl) 


L, formosanum 
a a 

Clara Butt tulip 
Ornithogalum 
thyrsoides 

2 

1 

8/8 

0/5 

11 

Mottle, flower-break 
None 

Tulip virus 2 (TV2) 

L. formosanum 

Clara Butt tulip 

1 

5/5 

15 ^ i 

Mottle, flower-break 

Clara Butt 

( ( ti a 

1 I 

4/4 1 

30 

li cc 

tulip 






L. formosanum 

Ornithogalum 

1 

0/5 


None 


thyrsoides 


: . ■";! 



Latent virus (LT) 

L. formosanum 

Clara Butt tulip 

1 

5/5 

38 

Mottle, flower-break 

(C i c 

Ornithogalum 

1 

0/5 


None 


thyrsoides 






a Number of X-)lauts infected over number exposed. 

ficient vector of lily-mottle viruses, effected a single transfer of tulip- 
breaking virus. Aphis little tested by .workers on either tulips or 

lilies, pi*ov<Hl v(M*y (‘ffivicMit in traiisniitting tiilipd)ia\Mking; viruses. Tlu' hisl 
2 species, A, fahae and A. gossypH are here recorded for the first time as 
vectors of tulip-breaking viruses. 
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TABLE 8. — Transmission of virus from commercial T^em'brandt tulips to Lilium 
formosaufum l)y aphids 


Vector 

species 

Source of 
virus 

Plants 

exposed 

No. 

tests 

Plants 

affecteda 

Minimum 

incu- 

bation 

period 

(days) 

Symp- 

toms 

Aphis fahae 

Rembrandt 

tulip 

L. formosa- 
num 

, 2 

8/9 

13 

Mottle 

A. gossypii 

a 

( t 

1 

1/8 

19 

( c 

Macrosiphum 

Ilia 

a 

t i 

1 

0/8 


None 

M. solanifoUi 

a 

it 

1 

4/8 

19 

Mottle 

Myzus circum- 
flexus 

( { 

i ( 

1 

0/8 


None 

M. persicae 

C i 

( i 

1 

6/8 

19 

Mottle 


a Number of plants affected over number exposed. 


TABLE 9. — Protective effects of some lily mottle viruses against other 
viruses of this group 


Mottle virus 
first intro- 
duced 

Date of 
first 
inocu- 
lation 

Method 
of deter- 
mining 
presence 
of first 
virus 

Mottle 

virus 

intro- 

duced 

second 

Date of 
second 
inocu- 
lation 

Symptoms 

expressed 

Protective 

effect 

CM (?) (masked) 

Natural 

Indexing 

CM 

(1938) 
Dec. 8 

Trace of 

Essentially 

in Croft 

Easter lily 

CM (masked) in 

infec- 

tion 

<< 

C( 

CM 

Dee. 8 

mot- 

tling 

None 

complete 

Complete 

Florida lily 

CM (masked) in 

(( 

i ( 

CM 

(1940) 
Feb. 10 

< t 

< t 

Norwood 

Easter lily 

( t 

it 

VCM 

(1943) 
Feb. 17 

c c 

1 1 

C 1 

t c 

(( 

VCMa 

Mar. 9 

it 

i ( 

CM in Easter 

(1943) 
Feb. 17 

Symptoms 

VCM 

Mar. 24 

tc 

i i 

lily sdlg. 

LT (masked) in 

Feb. 17 

Indexing 

VCM 

Mar. 24 

Mottling, 

None 

Easter lily 
sdlg. 

LT in L. tigrinum 

(1942) 
June 4 

i c 

CM 

Mar. 24 

distor- 

tion 

Etch, yel- 

it 

TVl (masked) 

(1943) 
Mar. 24 

(6 

VCM 

Apr. 26 

lowing, 

death 

Mottling, 

< < 

in Easter lily 
sdlg. 

TV2 (masked) 

Mar. 24 


VCM 

Apr. 26 

distor- 

tion 

i ( 


in Easter lily 
sdlg. 







a Second virus added by Myms persicae here, in all other tests by mechanical methods. 



1944] Brierley and Smith : Lily Virus Diseases 739 

PROTECTIVE ACTION OP CERTAIN MOTTLE VIRUSES AGAINST CM AND VCM 

Inasmuch as CM and VCM produce symptoms in Easter lilies and TVl, 
TV2, and LT do not, the Easter lily may serve as a test plant for protective 
action of certain of these viruses against CM or against VCM. Also Lilium 
tigrimim, which is mildly affected by LT, TVl, or TV2, but killed by CM or 
VCM, has similar advantages for protective tests. Tests of this type that 
have been completed are summarized in table 9. 

The CM symptoms could not be induced in certain commercial Easter 
lily stocks (Croft, Florida, Norwood Creole) naturally infected with this 


or a similar virus but showing no symptoms. Similarly VCM failed to 
induce symptoms in Norwood Creoles when introduced mechanically or by 
Myzus pmmae, and VCM failed to develop further distinctive symptoms 
when superimposed on CM experimentally produced and expressing the 
usual mottling symptoms in Easter lily seedlings. In contrast VCM showed 
full expression of symptoms when superimposed on LT, TVl (Pig. 11), or 
TV2, previously established but symptomless in Easter lily seedlings. In a 


Fig. 11. VCM superimposed on TVl in 3 leaves at left with, right, 2 leaves TVl 
controls. TVl introduced Mar. 24, 1943; presence established by indexing. VOM intro- 
duced April 26, 1943. Photographed June 9, 1943, by Mead. VCM was similarly super- 
imposed on TV2 and LT in separate trials but not on CM. 
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single test in Lilium tigrinum, LT established in the previous season of 
growth showed no protective action against CM when this virus was super- 
imposed (Fig. 10). 

The data thus far available on protective action suggest that CM and 
VCM are closely allied, but distinguish these from TVl, TV2, and LT. This 
separation is in agreement with the test reactions in Easter lily and in 
Lilium tigrinum (Table 1) but at variance with the test reactions in tulip 
and with the property values (Table 5) which place TYl in the group 
with CM and VCM. 

NEGATIVE EVIDENCE ON SEED TRANSMISSION OP LILY VIRUSES 

Inasmuch as masking of CM is so common in Easter lilies as to make 
roguing impracticable, seedlings appear to offer the only means of pro- 
ducing virus-free stocks. LT, and probably other viruses of the mottle 
group, presents similar problems in various garden species. Evidence that 
these viruses are not seed-borne is therefore basic to any program of pro- 
ducing virus-free lilies. 


TABLE 10. — Num'ber of seedlings grown from mosaic B aster lily plants and 
showing no evidence of seed-home virus 


Symptoms in 
$ parent 

Symptoms in $ parent 

Mottling 

Necrotic 

fleck 

None 

Unknown 

Totals 

Mottling 

Necrotic fleck 

None 

Totals 

923 (23)a 
743 (16) 
602 (18) 
2268 (57) 

588 (9) 
233 (34) 
870 (16) 
1691 (29) 

2748 (56) 
1867 (34) 
1326 (29) 
5941 (119) 

207 (8) 

69 (3) 
2736 (53) 
3012 (64) 

4466 (96) 
2912 (57) 
5534 (116) 
12912 (269) 


a Total number of seedlings, with number of progenies in parentheses. 


Guterman’s (6) excellent data on seed transmission, which have not 
heretofore been made available to most workers, are worth presenting here. 
He detected no mosaic symptoms in the following numbers of seedlings from 
mosaic parent species : Lilium candidum 91, L. do/ouricum 878, L, henry i 74, 
L. longiflorum 84, L. regale 487, L. sargentiae 270, L. speciosum ruirum 
252, L. tenuifoUum 253, L, tenuifolium var. Golden Gleam 89, L. umheh 
latum 139. He concluded that the virus of lily mosaic is not transmitted 
in the seed. 

The writers have data (Table 10) on seedlings of Lilium longiflorum 
only. In connection with breeding research on this species, seeds of 269 
progenies were sown in greenhouses in September, 1936, grown continuously 
under glass to the 3-inch-pot stage, and inspected for virus symptoms until 
they were dried off in July, 1937. The virus symptoms expressed in each 
parent plant were recorded except for open-pollinated progenies of which 
the male parents were unknown. Extensive indexing in tulip and L, for- 
mosanum indicates that practically all eommercial Easter lilies carry a 
mottle virus even if symptomless, and that necrotic fleck in commercial 
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Easter lilies is uniformly accompanied by a virus of this group. Accord- 
ingly, all of the 12,912 seedlings (Table 10) produced from commercial 
Easter lily parents would appear to contribute valid evidence against seed 
carriage of viruses of the mottle group in this species. The possibility of 
masking in these test seedlings themselves has been considered, but indexing 
of numbers of random samples of these on L, formosanum and tobacco has 
yielded no evidence that either mottle viruses or cucumber-mosaic virus can 
be seed-borne but masked. It may therefore be fairly stated that no evidence 
is known that any lily virus is seed-borne. 

DISCUSSION AND CONCLUSIONS 

Although the lily viruses YCM, CM, and LT are those of chief interest 
in the present study, the tulip viruses TVl and TV2 are intimately con- 
cerned in the problems of classification and nomenclature. Smith (19) 
included TVl and TV2 under the name Tulipa Virus 1 (Cayley), and, 
accepting Atanasoff’s (1) account, listed hyacinth mosaic and narcissus 
mosaic as caused by the same virus. Holmes (8) erected the species Marmor 
Uilipae for TV2, and Marmor mite for TVl and Lily-latent virus, combining 
the two last named on the strength of the limited evidence published by 
McWhorter (14) up to that time. It is now apparent that the symptoms 
McWhorter assigned to his latent virus in tulips resembling those of TVl, 
although characteristic of viruses from the source species Lilium candiditm 
and L. longiflorum, do not fit our LT from L. tigrinum which has much 
more in common with TV2. In earlier accounts of the ‘‘strong mottle of 
Easter lily Brierley (2, 3) did not attempt to class this virus farther 
than “the tulip group” of viruses, namely the group studied herein. The 
virulent mottle virus VCM is reported for the first time in the present paper. 

It is evident that the data presented above would serve to set up and 
name 2, 3, 4, or even 5 separate virus entities, without violating commonly 
accepted standards for differentiating mosaic viruses. Thus symptoms in 
Easter lily and Lilium tigrinum (Table 1) and protection reactions in these 
2 species, place the 5 cultures in 2 groups: VCM-CM and TV1-TV2-LT. 
But the tulip reactions, and the properties as determined in L. formosanum 
(Table 5), serve to group them differently: VCM-CM-TVl and TV2-LT, 
while the reaction of Ornithogalum tends to set VCM apart as a distinct 
entity. Thus VCM and CM form a natural group, with one host reaction 
difference (in Ornithogalum) smd symptom differences in Easter lily that 
are of the order expected of strains. Similarly TV2 and LT appear closely 
allied, with strain differences in symptom expression in L. formosanum and 
L. tigrinum. It is TVl that fails to conform to either of these groups, 
showing affinity to the first in tulip reaction and in properties, but re- 
sembling the second group in Easter lily reaction and in protection relations. 

However, the writers are reluctant to add further to the confusion in 
nomenclature, and prefer to use a single binomial for the group, indicating 
the 5 members studied as sub-species or strains. This requires amending 
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Marmor ttilipae Holmes (8) to include color-removing, as well as color- 
adding, break symptoms in tulips. Tulip-breaking virus, so designated, 
has a host range in Liliaceae of Lilium formosamim^ L. longiflorunij L. 
iigrimm, and T%dipa gesnermna, with many other species of lilies pre- 
sumably susceptible, and a few other hosts known for specific strains. 
Symptoms vary with the strains, as shown in table 1. Transmission by sap 
and by Aphis gossypii, Macrosiphum solanifoli% and Myzus persicae^ but 
not through seed, characterizes Marmor tuUpae thus defined. AnurapMs 
tulipae Boyer (11), and Aphis fabae (herein) are recorded as vectors of 
tulip color-adding and tulip color-removing strains. Properties as deter- 
mined in L. formosanum also vary with the strain (Table 5) : thermal inacti- 
vation point 60° to 65° C. or lower; dilution end-point 10"^, or at less dilu- 
tion; active in expressed juice after 6 days (4 days), and after drying on 
cloth for 6 hours (0 hours). This conception of Marmor tulipae is in agree- 
ment with Tulipa virus 1 (Cayley) in Smith (19) except that the reported 
HyacintMis and Narcissus must be omitted. 

The following sub-species and strains of tulip-breaking virus may be 
described from the data provided in this paper : 

Tulip-color-removing sub-species (the type sub-species) . Predominantly 
color-removing breaks in tulip flowers; symptomless in Easter lily; green 
mottling soon masked in Lilium tigrinum; sparse and fine green island 
mottling in L. formosanum; thermal inactivation point 60° to 65° C. ; dilu- 
tion 10'^ ; withstands aging 4 days, drying 4 hours ; fails to protect against 
virulent mottle virus (VCM) in Easter lily. 

Synonyms : Tulip color removing strain McWhorter (15) part of Marmor 
mite Holmes (8). 

Tulip-color-adding sub-species. Predominantly color-adding breaks in 
tulip flowers ; symptomless in Easter lily ; non-f atal effects in Lilium 
tigrinum; mottling without yellowing or dwarfing in L. formosanum; 
thermal inactivation point 55° to 60° C. ; dilution 10”^ to 10“^; withstands 
aging 4 days; fails to withstand drying 2 hours; fails to protect against 
virulent mottle virus (VCM) in Easter lily. 

Strains: TV2, tulip-color-adding strain McWhorter (15), Marmor 
tulipae (8), coarse dark and light green mottling in Lilium formosanum^ 
gray surface etch in L. tigrinum; LT (of this paper), part of lily latent 
virus McWhorter (14), part of Marmor mite Holmes (8), green island 
mottling in L. formosanum^ green mottling soon masked in L. tigrinum. 

Lily-mottle sub-species. Predominantly color-removing breaks in tulip 
flowers; mottling in Easter lily; gray surface etch followed by general 
yellowing and death in Lilium tigrinum ; mottling, yellowing, and dwarfing 
in L. formosanum. Properties in L. /ormomwm: thermal inaetivation 
point 60° to 65° C. ; dilution lO"^-® to 10"^; withstands aging 5 days or more, 
drying 4 to 6 hours. 

Strains: CM (coarse mottle), strong mottle of Easter lily (3), mottling 
without distortion in Easter lily ; VCM (virulent mottle), leaf and flower 
distortions in Easter lily, mottling in Ornithogalum thyrsoides. 
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The rank assigned these siib-speeies and strains may be questioned by 
others who attach relatively greater importance to certain of the criteria 
employed. The writers consider host and vector relations of fundamental 
importance, and find the 5 cultures studied to be relatively uniform in these 
respects. No great weight is attached to minor differences in host range and 
properties, for we have found similar differences among recognized strains 
of cucumber-mosaic virus. Protection tests of the type reported here, 
namely attempts to superimpose a second systemic infection on a simi- 
lar first infection, are not in themselves considered decisive as tests of 
relationship. 

The rank properly assigned these cultures is also dependent on their 
inherent constancy. Although little direct evidence of inconstancy can be 
cited, there is some reason to believe that these types are too variable to be 
separated as valid species. YCM is assigned strain rank as a mutant of CM, 
but no other evidence of mutation of one type to another is available. How- 
ever, the position of TVl as a connecting link between the other two sub- 
species described here ‘suggests definite continuity in the group as a whole. 
Also, TVl and TV2, the types on which McWhorter (15) and Holmes (8) 
have erected separate species, occur in mixture in nature, and have been 
separated (15) only by sub-culturing from natural segregates. Of these, 
TVl is difficult to maintain in tulip, tending to kill the affected plants (15). 
But neither TVl nor TV2 is lethal to Lilium formosamm, and our data on 
properties (Table 4) suggest that TVl may be separable from TV2 by its 
greater tolerance to aging or drying. Unless some such technique can be 
shown to separate entities producing distinctive break symptoms in tulips, 
it does not seem advisable to accord TVl and TV2 more than sub-specific 
rank, if they indeed merit more than strain designation. 

Lack of seed, transmission and the limited host range of lily-mottle 
strains (VCM, CM, LT) show that spread of these viruses in nature must 
take place almost exclusively from lily to lily. Calochortiis^ Fritillaria, and 
ZygadenuSj though susceptible to CM, like Lilium spp. from the wild, appear 
to be free from virus unless they have been contaminated from diseased 
lilies. Tulips are often affected with tulip-breaking virus in nature, and 
as these plants mature when many lilies are in active growth, some spread 
from tulips to lilies may be expected. The fact that the virus strains thus 
far detected in lilies are usually different from the tulip strains indicates, 
however, that such spread is uncommon.* Lily seedlings adequately isolated 
from bulb-propagated lilies should remain virus free. Easter lily seedlings 
well isolated at Willard, North Carolina (1 season), and at Charleston, 
South Carolina (3 seasons), did remain virus free, as determined by symp- 
toms and by indexing samples ; but similar seedlings inadequately isolated 
elsewhere developed both mottle and necrotic fleck. Guterman (6) reached 
similar conclusions, his inoculations to and from lily revealing only one host, 
a Fritillaria, outside the genus Lilium. He adds that ^‘a large number of 
cases have been under observation for periods of 3 and 4 years in which 
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liealthy groups of lilies growing in gardens in various localities far removed 
from any mosaic plants of the same genus have remained healthy during 
this time even though the known insect vector of the virus was repeatedly 
observed feeding upon them/’ 

Although production of virus-free lilies from seed appears feasible, 
Easter lily seedlings are too variable for forcing use unless selected for this 
purpose. American growers seem unanimous in the conclusion that pro- 
duction of virus-free Easter lilies is not commercially practicable. Easter 
lilies force satisfactorily when affected with CM, but direct comparisons of 
the performance of virus-free and CM stocks of the same cion have not been 
made. This virus strain, or allied types, is apparently universal in com- 
mercial Easter lily stocks, but is so frequently masked that roguing is not 
feasible. The soundness of the decision to ignore mottle in commercial 
Easter lily production was thrown into question once more with the appear- 
ance of virulent mottle (YCM), which produces some cull plants. It became 
of immediate importance to learn whether YCM is a mutant from CM or a 
distinct virus. The evidence detailed above is believed adequate to vshow 
that it is a mutant of CM. Physical properties of the two agree closely 
(Table 5), no differences in vector relations are known, and but one addi- 
tional host, OrnUhogalum thyrsoides, is known for YCM. Protection tests 
(Table 9)' indicate very close relationship, for YCM was not superimposed 
on CM by mechanical methods or by Myziis persicae. This last finding 
indicates that YCM cannot spread into Creole lilies, but that it arises spon- 
taneously from the CM virus already present in these, for YCM is known 
to appear in Creole lilies under circumstances that simulate natural spread. 
The YCM type has been found to appear naturally only in stocks of CM 
history. In some transfers by Myzus persicae from Easter lilies of sup- 
posedly pure CM content to Easter lily seedlings, the YCM symptoms have 
appeared, suggesting that this vector picked up such mutant types not 
recognizable in the source plant by symptom expression. 

If CM is to be ignored in commercial Easter lily production because it 
cannot be effectively rogued, the same logic requires that YCM be ignored 
also. If YCM arises spontaneously from CM, as our evidence indicates, 
roguing the plants that express YCM symptoms will not eliminate this virus. 
In our experience the incidence of YCM in forced Creole lilies is compara- 
tively low, and, in affected plants the virulent symptoms are not always 
expressed at the top where they would result in cull blooms, so that the 
proportion of unsalables has not been high. As the recurrence of the viru- 
lent symptoms from year to year also appears to be low, YCM does not 
appear to be a serious menace in field production. 

More or less seasonal waves of migrant aphids are evidently respon- 
sible in large part for the general prevalence of mottle viruses in lilies. 
Potatoes (Solanum tuberosum L.) and cruciferous crops {Brassica 
etc.) are favored food plants of Myzus persicae. When such crops mature, 
or when they become heavily infested, the aphids develop winged migrants in 
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large mimbers. These migrants carry no virus from potatoes or crucifers to 
lilies, and do not prefer lilies as food plants. When they encounter lilies, 
however, they do feed briefly on a great many individual plants, and thus 
prove highly efficient vectors of lily mottle viruses that are already present. 
Spread of lily-mottle virus by M. persicae under such circumstances is 
clearly recognizable in indicator species such as Lilmm formosanum. 

SUMMARY 


Three mottle viruses from lilies, a latent type from Lilmm tigrinum 
(LT), the strong mottle of Easter lily (CM), and a more virulent mutant 
from the latter (VCM), are compared with McWhorter ’s Tulip Viruses 
1 and 2 in the test species Easter lily, L. formosanum^ L, tigrinum^ and 
tulip. ^1 

The host range of CM is found limited to Liliaceae, including CalocJiortus 
sp., Fritillaria pttdica, tulips, and Zygadenus fremontiij in addition to sev- 
eral species of lilies. The known ranges of the other 4 viruses are similar 
except that the VCM strain infects also Ornithogalum thyrsoides. 

Properties of the 5 viruses were determined in Lilium formosanum. The 
thermal inactivation points of VCM, CM, and TVl were found to lie between 
60*^ and 65° C. ; those of TV2 and LT, between 55° and 60° C. 

Two viruses, VCM and TVl, were active after dilution to 10'^, CM at 
10-3.5^ TV2 at 10"'^, and LT at 10“h All 5 viruses were active after aging 
4 days at 18° C., CM after 5 days, and VCM and TVl after 6 days. VCM 
survived 6 hours’ drying on cloth, CM and TVl survived 4 hours, while 
TV2 and LT were inactive after drying 2 hours. 

CM is transmitted by the aphids Aphis gossypii, Macrosiphum solani- 
foU% Sind Myzus persicae^ but not by the common lily infesting species 
Myzus circumflexus, M. convolvuli, or Macrosiphum lilii. Myzus persicae 
carries all 5 viruses with high efficiency. Aphis fahae enad A. gossypii, in 
addition to the previously established vectors Macrosiphum solanifolii 
and Myzus persicae, transmitted virus from Rembrandt tulips to Lilium 



formosanum. 

CM, naturally or experimentally established in Easter lilies, was found 
to offer complete protection against further addition of CM or of VCM. 
The tulip viruses TVl and TV2, and LT from Lilium tigrinum, similarly 
established in Easter lily, offered no protection against subsequent addition 
of VCM. LT in L. tigrinum failed to protect this species against CM, which 
produces killing effects in this host species. 

Over 12,000 seedling Easter lilies grown from seed of diseased parents 
showed no evidence of seed carriage of any lily virus. 

It is suggested that the 5 viruses studied be considered strains or sub- 
species of tulip-breaking virus, which Marmor tulipae Holmes may be 
amended to describe, and which will correspond to Tulipa virus 1 (Cayley) 

Smith if the alleged hosts and JVarcMSMs are omitted. 

VCM is considered a mutant from CM that appears in Easter lily stocks 
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carrying CM. Easter lily producers, already ignoring CM beeanse it is im- 
practicable to rogue in this species, are advised to ignore VCM also, for the 
same reason, although the latter produces some cull plants. 

Plant Industry Station, 

Beltsville, Maryland. 


LITERATURE CITED 

1. Atanasoff, D. Mosaic disease of flower bulb plants. Bull. Soe. Bot. Bulgarie 2: 

51-60. 1928. 

2 . Brierlet, P. Two distinct viruses from the mosaic complex in Lilium longiflorum. 

(Abstr.) Phytopath. 29: 3. 1939. 

3 ^ — . Prevalence of cucumber and tulip viruses in lilies. Phytopath. 30: 

250-257. 1940. 

4 — — , — j and M. B. McKAy. Experiments with aphids as vectors of tulip- 

breaking. Phytopath. 28: 123-129. 1938. 

5 ^ — and Eloyd F. Smith. Studies on lily virus diseases : The necrotic 

fleck complex in Lilium longiflorum, Phytopath. 34: 528-558. 1944. 

6 . Guterman, 0. E. F. A mosaic disease of lilies. Unpublished thesis on file in Cornell 

University Library, Ithaca, N. Y. 1930. 

7 . . Diseases of lilies. For the lily disease investigation fellowship^ 

Hort. Soe. N. Y. Lily Year Book 1930: 51-102 (also in Boyce Thompson Inst. 
Prof. Pap. 1 (19) : 146-197. 1931). 

8 . Holmes, F. 0. Handbook of phytopathogenic viruses. 221 pp. Minneapolis, Minn. 

1939. 

9. McKenny-Hughes, A. W. Aphis as a possible vector of breaking in tulip 

species. Ann. Appl. Biol. 17: 36-42. 1930. 

10 . . Aphids as vectors of breaking in tulips. Ann. Appl. Biol. 18: 

16-29. 1931. 

11 ^ ^ Aphids as vectors of breaking^’ in tulips. Ann. Appl. Biol. 21: 

112-119. 1934. 

12. McWhorter, F. P. A preliminary analysis of tulip breaking. (Abstr.) Phytopath. 

22: 998. 1932. 

13. . The properties and interpretation of tulip-breaking viruses. (Abstr.) 

Phytopath. 25: 898. 1935. 

14 . — . A latent virus of lily. Science 86 : 179. 1937. 

15 . . rpljQ antithetic virus theory of tulip-breaking. Ann. Appl. Biol. 25: 

254-270. 1938. 

10 ^ — Separation of Tulip 1 virus from lily-latent by cytological methods. 

(Abstr.) Phytopath. 30: 788. 1940. 

17. Ogilvie, L. a transmissible virus disease of the Easter lily. Ann. Appl. Biol. 15: 

541-562. 1928. 

18. Smith, Floyd F., and P. Brierley. Ornithogalum mosaic. Phytopath. 34: 497- 

503. 1944. 

19. Smith, K. M. A textbook of plant virus diseases. 615 pp. London. 1937. 



BACTEEIAL SOFT ROT OF SPINACH 

M . A . S M I T H ^ 

(Accepted for publiea;tioii April 28j 1944) 

Bacterial soft rot of spinach is one of the most frequently observed dis- 
eases of spinach in transit and on the market. Records of the Fresh Prod- ^ 

nets Inspection Division, Fruit and Vegetable Branch, United States Depart- 
ment of Agriculture, Chicago, Illinois, during 1936-43 show that this disease 
caused practically all the decay noted in spinach from all shipping regions. 

In many shipments there was only a trace, but in others the decay ranged 
as high as 65 per cent in some baskets, with an average of 40 per cent for 
the ear. 

Although many writers have assumed that the soft rot of spinach is 
caused by Erwinia carotovora (L. R. Jones) Holland, no critical studies have 
been made to determine the identity of the causal organism. This paper is 
the result of studies on the morphological, physiological, and pathological 
characteristics of the causal organism of the soft rot of spinach. 

The first manifestations of the disease are water-soaked areas on the 
leaves (Fig. 1, A). These are followed by a rapid softening of the tissues 
which often become light yellow, wet, and mushy. High humidity and high 
temperature (24 to 30° C.) favor the rapid spread of the disease, which may 
completely destroy the leaf. If diseased leaves are removed to dry air the !■ 

decay may be checked and the affected tissues become dry and brittle (Fig. 

1,B). 

In the present study three isolates from rotted spinach and two isolates 
from rotted potatoes were used. Earlier physiological and pathological tests 
had shown that the potato isolates were authentic E. carotovora. 

MORPHOLOGY AND STAINING REACTIONS 

Methods. Morphological characteristics of the isolates were determined 
from 48-hour-old cultures grown at 24° C. on beef extract nutrient agar 
adjusted to pH 6.9. For demonstration of form and size, ‘‘negative^ ’ P3:*6P3-- 
rations from smears were made with one per cent nigrosin. Fisher and 
Conn’s (3) flagella stain was used to determine the number and position of 
flagella. Gram reaction was determined according to Hucker and Conn’s 
(4) modification of Gram’s stain. Ziehl-Nlelsen’s method was employed for 
acid-fast properties. The Anthony (1) method of capsule staining was 
employed. 

Morphological characteristics. The isolates from spinach and the E. 
carotovora imleitQS from potato were rods, 0.4 to 0.6 by 3.6 to 4.5 microns, 
occurring singly, occasionally in chains; no spores; no capsules. The organ- 

1 Associate pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
tration, IT. S. Department of Agriculture. In cooperation with Dept, of Botany, Uni- 
versity of Chicago. 
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isms were motile by 2 to 5 peritrichiate flagella. They were Gram-negative 
and not acid-fast. They stained readily with earbol fncbsin and crystal 
violet. In general it may be stated that the morphological characteristics 
of the cells of the different isolates w^ere not sufficiently distinct to separate 
them one from another. 

CULTURAL CHARACTERISTICS 

Potato-dextrose agar (pH 7.0). On slants, growth of all isolates was thin, 
grayish- white, moist, glistening, butyrons. Medium was not discolored. 


Potato. On steamed potato cylinders the isolates formed a smooth, slimy 
raised, cream-white growth. 



Pig. 1, A. Early stage of bacterial soft rot of spinach showing water soaked areas. 
B. Diseased areas which have dried and become brittle after exposure to dry air. 


Beef -extract-agar streak (pH 6.9). Growth on this medium was grayish- 
white, glistening, biityrous, thin, margins often becoming more or less 
irregular. 

Beef-extract agar (pH 6.9). In dilution plates after 48 hours colonies 
were circular,, convex, grayish-white, glistening, smooth, with margins entire. 

Uschinsky’s solution (pH 6.8). Growth of all isolates in this medium 
was abundant after 24 hours. 

Litmus milk (pH 7.0) . All isolates produced acid in litmus milk. There 
was coagulation with separation of whey. No peptonization occurred. 

Plain gelatin stabs. Growth became visible after 48 hours. In all eases 
liquefaction was at first infundibuliform but soon became stratiform. Two 
of the spinach isolates completely liquefied this medium after 3 weeks. The 
remaining isolates had completely liquefied the medium after 4 weeks. 
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PHYSIOLOGY 

Certain of the recommendations of the Committee on Bacteriological 
Technique, Society of American Bacteriologists, as given in the Manual of 
Methods for Pure Culture Study of Bacteria (5), were closely followed in 
the biochemical studies. The cultures were made in duplicate and were 
incubated at room temperature which averaged 24° C. 

BIOCHEMICAL CHARACTERISTICS 

Relation to free oxygen. When grown in Smith fermentation tubes, 
growth occurred first in the open arms and then progressed to the domes, 
indicating that the organisms were facultative anaerobes. 

Nitrate reduction. The alpha-naphthylamine-sulfanilie-acid test was 
employed on 1-, 2-, 5-, 7-, 10-, and 14-day-old cultures of the different isolates. 
The organism Escherichia coli was used as a control. Nitrates were reduced 
to nitrites in all of the cultures. 

Indole production. The isolates in Bacto-tryptophane broth (pH 6.8) 
were tested by the Kovacs test for indole production at the end of 7, 14, and 
21 days. No positive reaction was obtained with any of the isolates. When 
Escherichia coli was used as a control organism, a positive test for indole was 
obtained. 

i Ammonia production. Strips of filter paper saturated with a freshly 

prepared Nessler’s solution were hung over 36- and 48-hour beef-extract 
broth cultures of the various isolates. ^ No ammonia production was observed 
in any of them. 

Hydrogen sulphide. Strips of lead acetate paper failed to turn black 
when hung over beef extract broth cultures of the various isolates, indicating 
I that no hydrogen sulphide was being formed. Escherichia coli used as a 

control organism gave a positive test for hydrogen sulphide. 

Hydrolysis of starch. Streak inoculations were made in beef-extract 
agar containing 0.2 per cent soluble starch. After five days, the surfaces of 
the plates were flooded with a saturated solution of iodine in 50 per cent 
alcohol. None showed any clear zone outside the area of growth, indicating 
that no diastatic action had occurred. 

Hydrogen-ion relations. The spinach and the E. carotovora isolates all 
grew within a pH range of 4.2 to 10.0. Mqst rapid growth during 48 hours 
occurred from pH 6.2 to 7.5. Growth in nutrient broth was inhibited at 
pH 4.0 in the acid range and pH 11.0 in the alkaline range. 

The results of the cultural and biochemical tests indicate that the isolates 
are closely related, if not identical. 

CARBON METABOLISM 

Sugars, alcohols, and glucosides were added to the modified synthetic 
medium of Ayres, Rupp and Johnson (2). 

The basal medium was adjusted to pH 7.0 and sterilized by autoclaving. 
Brom-cresol purple at a concentration of 0.02 per cent was added as an 
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indicator. One per cent of sugar was added to the synthetic base and used 
as a liquid medium. In order to avoid breaking down during sterilization, 
the sugars lactose, levulose, maltose, sucrose, and raffinose were sterilized by 
filtration through a Berkefeld filter. Twenty-four carbon sources were 
utilized. All media were incubated for 6 days at 27° C. to check their 
sterility before using. Inoculations were made in duplicate. In all the 
fermentation studies color change from purple to yellow was considered the 
index of fermentation. 

The three spinach isolates fermented arabinose, rhamnose, xylose, dex- 
trose, levulose, maltose, galactose, mannose, raffinose, sucrose, cellobiose, 
glycerol, mannitol, sorbitol, dulcitol, inositol, salicin, and arbutin. The 
E. carotovora isolates fermented all of these carbohydrates except maltose, 
sorbitol, and dulcitol. None of the spinach nor iJ. carotovora isolates fer- 
mented melezitose, starch, dextrin, erythritol, inulin, or glycogen. 

Gas productio7i. Smith fermentation tubes were employed. One per 
cent of the various sugars ,was added to the synthetic base and used as a 
liquid medium. The sugars lactose, levulose, maltose, sucrose, and raffinose 
were sterilized by filtration through a Berkefeld filter. The remainder were 
sterilized by autoclaving. Gas production by the spinach and E. carotovora 
isolates was observed in arabinose, dextrose, xylose, raffinose, sucrose, man- 
nitol, salicin, and arbutin. 

The spinach and the E, carotovora isolates had similar reactions in the 
various carbohydrate media used with the exception that the latter did not 
ferment maltose, sorbitol, and dulcitol. These differences in carbon metabo- 
lism are not considered sufficient to differentiate the spinach and E. caro- 
tovora isolates. 

pathogenicity studies 

Spinach leaves were washed in tap and distilled water, after which they 
were divided into two lots. Uninjured leaves in one set of damp chambers 
were sprayed with water suspensions of the various spinach and E, caro- 
iorom isolates. A second lot of leaves was wounded by scratching with 
sterile needles. The leaves were then sprayed with water suspensions of the 
various isolates, after which they were left at room temperature (25° C.). 
Scratched and unscratched leaves sprayed with distilled water served as 
controls. Infection in the form of water-soaked areas around the needle 
scratches was first apparent 18 hours after inoculation. Numerous, small 
water-soaked areas were observed on the uninjured, inoculated leaves after 
30 hours. All injured and uninjured inoculated leaves were completely 
rotted after 72 hours. Uninoculated leaves did not become infected. The 
organisms, readily recovered in pure culture from the infected areas, were 
used in further inoculation experiments. 

Injured and uninjured spinach plants growing in pots in the green-house 
were sprayed with 24-hour-old suspensions of the various isolates. Injured 
and uninjured plants sprayed with distilled water served as controls. 
"Water-soaked areas in the immediate vicinity of needle scratches were appar- 
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ent on some of the leaves 15 hours after inoculation. Infection of uninjured, 
inoculated leaves was observed 24 hours after inoculation. Control plants 
were free of the disease 36 hours after inoculation. 

These experiments show that bacterial soft rot infection of spinach leaves 
may take place either through injured or uninjured tissue. Infection appar- 
ently occurs at a more rapid rate through wounds. Observations throughout 
the course of the experiments indicated that the spinach and the E. caro- 
tovora isolates were equally virulent to spinach. 

In order to obtain more information on the effect of the various tempera- 
tures on the incidence of soft rot of spinach, leaves were washed in tap and 
distilled water. One lot was atomized with a water suspension of one of the 
spinach isolates, one lot with a suspension of E. carotovora, and a third lot 
with distilled water. The various lots were placed in damp chambers which 
were, in turn, placed in refrigerators where temperatures of 4.5°, 7.5° and 
10.0° C. were constantly maintained. At the end of 5 days no rot had 
developed in the lots held at 4.5° and 7.5° C. During this period one leaf 
in the damp chamber held at 10.0° C. became infected. After 8 days the 
inoculated spinach held at 4.5° was free of infection, one leaf in the damp 
chamber held at 7.5° was infected, while all the leaves in the damp chamber 
held at 10° were rotted. Control leaves remained uninfected. 

These data indicate that during a 5 to 8 days’ transit period the develop- 
ment of spinach soft rot would be very materially checked if a temperature 
of 4.5° C. was maintained. This is borne out by the Fresh Products Inspec- 
tion Division records, which show that the incidence of spinach soft rot is 
often held to one per cent or less if the temperature in transit does not exceed 
4.5° C. 

Further inoculation tests on potato tubers with the spinach and the E, 
carotovora isolates showed that all were pathogenic to this host. It was noted 
that the rot induced by the E. carotovora isolates occurred at a more rapid 
rate and was more extensive than that caused by the spinach isolates. 


SUMMARY 

Bacterial soft rot of harvested spinach is described. Morphological 
characteristics of the cells of spinach soft rot isolates and of Erwinia caro- 
tovora cultures were not sufficiently distinct to separate them one from 
another. Kesults of cultural and biochemical tests indicate that the spinach 
and the E, carotovora isolates are closely related if not identical. Differences 
in carbon metabolism are not considered sufficient to differentiate the spinach 
and the E. carotovora isolates. Pathogenicity experiments show that bac- 
terial soft rot of spinach may take place through injured or uninjured leaves. 
Isolates from rotted spinach proved pathogenic to potato tubers. Spinach 
soft rot may be controlled in transportation and marketing if a temperature 
of 4.5° C. is maintained for 8 days. 

Division of Fruit and Veoetable Crops and Diseases, 

United States Department OF Agriculture. 
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EXPERIMENTS WITH PEA SEED TREATMENTS IN COLORADO’' 
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INTRODUCTION 

Increasing difficulty has been encoiintered in obtaining satisfactory 
stands in some of the older pea-growing sections of Colorado. Although 
the effects of pea seed treatments have been reported from other states (4, 

5, 6, 8, 9, 11, 12), conditions under which peas are grown in Colorado differ 
from those of most other pea-growing sections. In fact, the pea-growing 
regions within the state are extremely variable as to soils, altitude, and 
climate. Colorado soils vary from adobe and adobe-like aggregates through 
i sand and sandy-loam to gravel. Altitudes of the pea-growing sections vary 

from 4,200 feet at Rocky Ford to 7,600 feet in the San Luis Valley. Lower 
i temperatures are associated with the higher altitudes. Cultural practices 

i also vary somewhat, subirrigation being used in the San Luis Valley and 

I row irrigation being practiced in the rest of the state. Since it was not 

j known whether seed treatment materials used in other states would have 

1 beneficial effects in Colorado, a series of experiments was designed to deter- 

f mine the effect of fungicidal seed treatments on the emergence and growth 

of peas under Colorado conditions. 

EXPERIMENTAL METHODS | 

During the summer of 1943, twelve experimental plots of peas were j 

planted in the principal pea-growing areas of Colorado : the northern sec- 
tion, the San Luis Valley, and the Arkansas Valley. Pour seed treatments 
and an untreated control were used in all tests. The chemicals used and 
the rates of application were New Improved Ceresan (5 per cent ethyl mer- 
cury phosphate) at 1 ounce per bushel of seed, and Spergon (98 per cent 
tetrachloroparabenzoquinone), Arasan (50 per cent tetramethylthiuramdi- 
sulfide), and yellow Cuprocide (93 per cent yellow cuprous oxide), each at 
2 ounces per bushel. 

One plot of each of the four canning varieties, Alaska, Perfection, Wis- 
consin Sweet, and Green Admiral was planted in the Loveland-Berthoud 
district. Variety Rogers^ 95 was used in three plots in the San Luis Vallejo", 

1 Approved by the Director of the Colorado Agricultural Experiment Station for pub- 
lication as Paper No. 183, Scientific Journal Series. 

2 Assistant Plhnt Pathologist, Colorado Agricultural Experiment Station, 

3 Formerly Graduate Research Assistant in Horticulture, Colorado Agricultural Ex- 
periment Station. 

^ Horticulturist, Colorado Agricultural Experiment Station. 

5 The writers wish to acknowledge the cooperation of the Kuner-Empson Canning Co., 
who furnished the seed of the canning varieties, the growers who furnished land for some 
of the plots, the United States Rubber Co., who furnished Spergon, DuPont Semesan Co., 
who supplied New Improved Ceresan and Arasan, Rohm and Haas Co., who furnished 
Cuprocide, and various members of the staffs of the Colorado Agricultural Experiment 
Station and Extension Service who assisted in certain phases of the work. 
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one plot at Kocky Ford, and one at Fort Collins. Variety Little Marvel 
was used in three plots in commercial market gardens near Fort Collins. 

The plot at Rocky Ford, one plot in the San Lnis Valley, and one at 
Port Collins were planted by hand, but all others were planted with a 
garden drill. All plots were designed as either Latin squares or randomized 
blocks, and data obtained were analyzed by the analysis of variance method. 

In the Little Marvel tests, 50 pounds of seed were divided into 5 lots of 
10 pounds each. Pour of these lots were treated and the fifth lot was left 
untreated. Planting was done with a tractor-drawn pea drill. Stand 
counts were made by marking off sample strips at each end and in the center 
of the field. 

Stand counts were made for all tests. Yield records were obtained from 
five of the tests. Living and dead plants were counted on two of the plots 
at picking time and the percentage of living plants determined. To analyze 
these results the percentages were converted into degrees of an angle 
(sin^ ©) by use of BlissHables (1, 2). 

EFFECTS ON EMERGENCE 

Northern Colorado . — ^No significant stand increases were obtained from 
any of the seed treatments in the Berthoud district (Table 1). Spergon 
treatment resulted in a highly significant® stand increase over that from 
untreated or Cuprocide-treated seed of variety Wisconsin Sweet in a test 
near Loveland. In this same test stands from New Improved Ceresan and 
Arasan treatments were significantly® greater than those from untreated or 
Cuprocide-treated seed. In the variety Green Admiral, near Loveland, all 
treatments resulted in highly significant increases in stand. The stand 
from Spergon-treated seed was significantly better than that from any other 
treatment. 

In plot 5 in the Port Collins area Little Marvel seed treated with New 
Improved Ceresan or Arasan gave stands which were significantly better 
at the 1 per cent level than stands from untreated seed. Cuprocide was 
better at the 5 per cent level. The stand from New Improved Ceresan was 
significantly better than that from Spergon or Cuprocide. In a second 
planting of this variety (Plot 6) stand increases which were highly signifi- 
cant resulted from all treatments. New Improved Ceresan, Spergon, and 
Arasan produced stands which were significantly better at the 1 per cent 
level than Cuprocide. In a third planting (Plot 7) Spergon and Cuprocide 
gave significant stand increases over the untreated. 

In the plot of Rogers^ 95 at Port Collins, Spergon, Arasan, and Cupro- 
cide treatments all gave stand increases which were highly significant. 
New Improved Ceresan was significantly better than the untreated. The 
stand from Spergon treatment was better than the stand from New Im- 
proved Ceresan at the 5 per cent level of significance, 

6 ‘^Highly significant as used in this paper refers to the 1 per cent level of signifi- 
cance; ^ ^ significant ' ^ ref ers to the 5 per cent level of significance. 



TABLE 1 . — Effect of seed treatment on emergence 
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Arkansas Talley.— At Kocky Ford all seed treatments resulted in stand 
increases which were highly significant. The increase from New Improved 
Ceresan was significantly better than the increase from Spergon, but not 
significantly better than increases from Arasan or Cuprocide. 

San Luis Valley . — Highly significant stand increases were obtained 
from all treatments in the hand-planted plot 11 on the San Luis Valley 
Demonstration Farm near Center. In the drilled plot 10, New Improved 
Ceresan was better than any other treatment at the 1 per cent level. Sper- 
gon and Arasan were significantly better than no treatment. 

Although all stands were poor on the Sanford plots, Spergon and New 
Improved Ceresan produced stands that were better at the 1 per cent level 
and Cuprocide produced stands that were better at the 5 per cent level than 
those of the untreated seed. Spergon was superior to Arasan at the 1 per 
cent level. 

EFFECTS ON YIELD AND SURVIVAL OP PLANTS 

No significant differences in yield were obtained in the Alaska variety 
at Berthoud (Table 2). In Green Admiral the increase from Spergon over 
all other treatments was highly significant. 

The yields of Little Marvel represent the total yield of pod peas obtained 
from the 10 pounds of seed for each treatment. This was not a replicated 
plot so data could not be analyzed statistically. However, the field selected 
for this test was uniform so it seems unlikely that the results were due to 
chance. Increases over yields from untreated seed were: New Improved 
Ceresan 22.2 per cent, Cuprocide 18.4 per cent, Arasan 17.6 per cent, Sper- 
gon 16.6 per cent. 

Yield differences were not significant in the San Luis Valley or in the 
Kogers’ 95 trial at Fort Collins. However, increases in yield from New 
Improved Ceresan-treated seed approached significance in both plots on the 
Demonstration Farm at Center. 

Percentages of living plants at picking time, based on original stand, 
are shown in table 3. Differences were not significant in either plot. 

DISCUSSION 

There are two phases to consider in dealing with root-rotting fungi. 
The first is the rotting of the seed or the destruction of the young seedling 
before it emerges from the ground. The second phase is the attack made 
by the parasites on the older plants. These tests show that seed treatment 
will generally control the first phase. That this has an indirect effect on 
the second phase is shown by the counts of living plants at harvest time. 
These counts show that the same percentage of plants live to reach maturity, 
regardless of seed treatment. This indicates that seed treatment is effective 
only during the early life of the plants. However, a 1x^1 Im* stainl obtained 
by treating the seed will result in a greater number of j)lan.ts reaching 
maturity. 


TABLE 2 . — Effect of seed treatment on yield 
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In these experiments the same seed treatment did not give similar results 
under all conditions. This has also been observed by workers in other 
states (7, 8, 10, 11, 13). The inconsistency may be attributed to a number 
of factors. Jones (7) showed that variations in soil moisture near the time 
of planting and diiferenees in soil temperatures cause wide variations in the 
results obtained from seed treatment. McNew (10) points out that differ- 
ent seed lots vary greatly in their ability^ to withstand seed decay. Experi- 
ments at the Colorado Agricultural Experiment Station indicated that seed 
treatments vary in their effectiveness against different fungi (3) . 

There is a great deal of variation in Colorado soils. The soils in which 
the tests were conducted varied as to type, fertility, moisture content at 
planting time, and fungus infestation. Isolations from diseased plants 
showed that several pathogenic fungi were present in some of the soils. 
"While no attempt was made to determine the relative distribution of these 
fungi, Fusarium solmi (Mart.) v. marJi (App. et Wr.) Wr. f. 2 Sny. was 
obtained most frequently in the isolations. Other pathogens isolated were 
Ascochyta pinodella Jones, Pythium sp., and Corticium vagum B. et C. var. 
solani Burt (Bhizoctonm solaniKuhn.) . 

Spergon gave the greatest increase in stand in seven of the tests, New 
Improved Ceresan was first four times, and Yellow Cuprocide led in one 
trial. In no case was the untreated lot superior. Prom tests in New York 
State McNew (8) concluded that New Improved Ceresan should not be used 
on peas because it was too injurious when applied at 1 ounce per bushel of 
seed. Our trials in Colorado do not substantiate this, since New Improved 
Ceresan gave the best results in some trials. 

In the trial with greatest increase in stand from Cuprocide the seed was 
planted by hand. During planting of the other plots it was noted that 
Cuprocide-treated seed tended to bind in the drill, so that many of the seeds 
were cracked. Addition of graphite seemed to eliminate this trouble. This 
may explain why the stand counts were low in some of the Cuprocide-treated 
plots when graphite was not used. 

While these results are by no means conclusive as to the superiority of 
one treatment over another, they do show that in most cases any of the mate- 
rials tested gave better stands than no treatment. Work to determine more 
of the factors which influence the effectiveness of seed treatments is neces- 
sary before complete recommendations can be made for any specific locality. 

SUMMARY 

Pea seed treatments with Spergon, New Improved Ceresan, Arasan, and 
Yellow Cuprocide in three pea-growing sections of Colorado generally re- 
sulted in ‘increased stands. Although Spergon and New Improved Ceresan 
gave the best results in the majority of the tests, increases in stand and 
yield varied in the different trials, so that no one treatment was consistently 
outstanding. 

Colorado Agricultural Experiment Station, 

Fort Collins, Colorado. 
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PHYTOPATHOLOGICAL NOTES 


Effect of Pemcillin on a Plant Pathogen. — Penicillin, whose bacterio- 
static properties were first recognized by Fleming,^ has of late excited con- 
siderable interest among pathologists dealing with bacterial diseases of the 
human body. The product has been described as particularly active against 
numerous bacterial animal pathogens that are gram-positive. No reference 
to experiments with plant pathogens has been found by the authors of this 
note. Because we have been particularly interested in a gram-positive bac- 
terial plant pathogen that is extensively distributed in this region and since 
we have sought to try anything that promises a degree of control, penicillin 
was included in the program of experiments. 

The first problem in connection with the use of penicillin was that of pro- 
curing the substance. Cultures of the penicillin-producing fungus, Peni- 
cillium notatiiwiy were obtained and grown in sterile, large but shallow, glass 
vessels. Later a modification of the apparatus described by Clifton,^ very 
much like that used in the manufacture of vinegar, w^as set up. So much of 
the penicillin-containing liquid was thus made that a considerable quantity 
that would otherwise have been wasted has been made available for medical 
use. Media used were a modified Czapek-Dox^ and corn-grain decoction 
made by boiling approximately 50 grams of the dry grains in 1 liter of 
water. 

The plant pathogen subjected to the action of penicillin w^as the gram- 
positive bacterium, Erwinia carnegieana Standring,^ that has caused exten- 
sive destruction of the giant cactus in Arizona and Mexico. Petri-dish 
cultures were seeded by growing the organism in broth, pouring the latter 
on sterile agar plates, and draining off the excess broth suspension. Two 
hours later a small glass penicillin cylinder, approximately 9.5 mm. in length 
and 5 mm. in diameter, was seated in the center of the Petri-dish culture, 
following the procedure described by Abraham For comparison a 

similar series of plates was set up for Staphylococcus a%ireus, the bacterium 
that is used as a test in experiments with the penicillin drug. 

Penicillin suppresses the cactus plant pathogen as it does Staphylococcus 
aureus (Fig. 1). The clear zone around the penicillin chamber in the cul- 
ture of Staph, aureus is even smaller than that in the culture of the plant 
pathogen. However, the cultures were grown at room temperature, which 
is more favorable for the development of the plant pathogen. 

Besides the results -with Erwinia carnegieana^ we have indications that 
the gram-positive Gorynehacterium sepedonicum likewise is susceptible to 

1 Fleming, Alexander. On antibacterial action of cultures of FenicilUum, with special 
reference to their use in isolation of J5. inflimmae. British Jour. Exp. Path. 10 : 226-236. 
1929. 

2 Clifton, 0. E. Large-scale production of penicillin. Science 98: 67-70. 1943. 

3 Abraham, D. L., A. D. Gardner, E. Chain, N. G. Heatley, C. M. Fletcher, M. A- 

Jennings, and H. W. Florey. Further observations on penicillin. Lancet 241: 177-188. 
1941. ^ \ 

^Ligiwie, Paul C., Elizabeth T. Standring, and J. G. Brown. A bacterial necrosis of 
the giant cactus. Phytopath. 32: 303-313. 1942. 
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Fig. 1. Effect of penicillin on (A) StapTiyloeoccus aureus and (B) Brwima carnegie- 
ana. The iienicillin-containing liquid was placed in the small glass cylinders after the 
plates were seeded. Diffusion of the penicillin into the agar suppressed bacterial growth 
in the circular ^ ' clear zones. 

the action of penicillin. The baeterial-ring-rot pathogen is slower growing* 
and somewhat more difficult to work with on that account. — ^J. G. Brown and 
Alice M. Boyle, University of Arizona, Tucson, Ariz. 

Improved Cor'k-'borer Method for InoculaUng Trees . — The writer has 
used the previously described cork-borer method for inoculating trees^ and 
has found it satisfactory when inoculating small numbers of trees. During 
the summer of 1943 approximately 1800 chestnut hybrids were inoculated at 
from one to three points on each tree, resulting in approximately 3300 inocu- 
lations. In large-scale inoculation work the elimination of even one move- 
ment means a considerable saving in time ; therefore, the writer devised an 
improved instrument. When using the ordinary cork borer it is necessary 
to pick up the accessory wire or rod plunger to punch out the cork plug. 
When using the improved instrument the thumb of the hand that holds the 
instrument presses against the plunger, which is an integral part of the 
borer. The movement, otherwise made to reach for a detached plunger, is 
now used to pick up the inoculating needle or other item, or is eliminated. 

Figure 1, A, shows the improved instrument assembled; figure 1, B, 
shows the instrument disassembled. To construct the improved device, first 
force off the cross bar of the cork borer ; heat the upper end of the tube to 
redness and hammer the end lightly to form an inner lip or shoulder. Re- 
place the cross bar on the tube at a point about 1| inches from the upper end 
of the tube ; braze or solder securely to the tube. 

The plunger may be made from copper, aluminum, or plastic rod, of 
slightly less diameter than the inner bore of the tube. The upper end of the 

^Wright, Ernest. A eork-borer method for inoculating trees. Pliytopath. 23: 487— 
488, 1933. 
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Hig, 1. a. Modified cork borer assembled. B. Modified cork borer disassembled^ 
showing at right the plunger with spring and machine screw detached. 


Some pathologists prefer not only to make uniform incisions when inocu- 
lating, but also to use uniform amounts of inoculum. A cork borer that is 
one or two sizes smaller than the borer that makes the incision can be used 
to cut plugs of inoculum in a Petri dish. The plugs may be cut in the labo- 
ratory so that they will be ready to be lifted out with the inoculating needle. 
The inoculum should be stiff for best results.— Eussell B. Clapper, Division 
of Forest Pathology, Bureau of Plant Industry, Soils, and Agricultural En- 
gineering, Agriculttiral Eesear eh Administration, U. S. Department of Agri- 
culture, Beltsville, Maryland. 


plunger for a distance of about f inch should be of a smaller diameter to 
allow passage through the flanged opening in the upper end of the tube. 
The writer found that an inoculating needle holder of the Eosenberger and 
Greenman type could be adapted as a plunger with a minimum of effort for 
a I inch cork borer. The aluminum rod of this holder is cut off at about f 
inch from the plastic handle ; the end of the rod is bored and tapped to take 
a machine screw, which holds the coiled spring in place. 




1944] 


Phytopathological Notes 


763 


Lime in the Post-Arsenical Sprays as a Means of Reducing Arsenical In- 
jury to Peaches} — Several workers have investigated the effects of calcium 
hydroxide, calcium carbonate, and mixtures of these two compounds on the 
formation of soluble arsenic from lead arsenate in a water solvent. It has 
been shown that calcium hydroxide is very effective in reducing the concen- 
tration of water-soluble arsenic, that calcium carbonate increases the forma- 
tion of soluble arsenic compared with that of lead arsenate alone, ^ and that 
combinations of calcium hydroxide and calcium carbonate are effective in 

TABLE 1. — EffeGt of a delayed lime application on the development of arsenical 
injury to peach foliage 






Foliage injury 





Golden Jubilee 
varietyb 

Fireglow variety 

Treat- 

ment 

no. 

Materials^ used at 
shuck split and 
first cover 
applications 

Materials® used 
at second cover 
applications 

Defoli- 

ation 

Remain- 
ing leaves 
with 
necrotic 
areas 
from 
spray 
injury 

Defoli- 

ation 

Remain- 
ing leaves 
with 
necrotic 
areas 
from 
spray 
injury 

lA 

Acid lead arsenate 

Sulphur 8 lbs.. 

Percent 

15.0 

Per cent 
35.0 

Per cent 

5.0 

Per cent 
10.0 

IB 

2 lbs., sulphur 8 
lbs,, per 100 gals, 
do 

lime 8 lbs. 

Sulphur 8 lbs. 

75.0 

100.0 

30.0 

90.0 

2A 

Acid lead arsenate 

Sulphur 8 lbs., 

3.0 

7.0 

1.0 

5.0 

2B 

2 lbs., hydrated 
lime 6 lbs., sul- 
phur 8 lbs. 
do 

lime 8 lbs. 

Sulphur 8 lbs. 

27.0 

71.0 

15.6 

67.5 

3A 

Acid lead arsenate 

Sulphur 8 lbs., 

0.0 

Trace 

Trace 

Trace 

3B 

2 lbs., hydrated 
lime 16 lbs., sul- 
phur 8 lbs. 
do 

lime 8 lbs. 

Sulphur 8 lbs. 

0.0 

0.0 

Trace 

3.3 


a Magnetic Brand Sulplnir (325-mesli) used in all cases. 

t> The foliage on the Golden Jubilee trees in the IB and 2B treated blocks was lighter 
green than trees in the corresponding A blocks. 

reducing the formation of soluble arsenic from lead arsenate.^ This last 
statement is made because Van der Meulen and Van Leeuwen report that 

. . earbonation takes place very slowly, and ... as long as there is any 
unchanged calcium hydroxide the amount of soluble arsenic is very low. 

Arsenical injury to peach foliage and twigs in New Jersey often has been 
observed to appear a rather long time (as much as one month) after the 
application of the last arsenical spray. It seemed probable that this delayed 

1 Journal Series paper of the New Jersey Agricultural Experiment Station, Kutgers 
University, Department of Plant Pathology. 

2 Ginsburgj Joseph M. Chemical effect on lead arsenate of certain salts which may 
be present in soil and spray waters. Jour. Agr. Res. [U.S.] 60: 199-205. 1940. 

3 Van der Meulen, P. A., and E. R. Van Leeuwen. A study of lead arsenate and lime 
spray mixtures. Jour. Agr. Res. [U.S.] 35: 313-321. 1927. 
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arsenical injury was due either to the earbonation of the lime present or to 
the removal of the calcium hydroxide by weathering. To test the value of 
adding lime to the post-arsenical sprays as a means of preventing the occur- 
rence of late-developing injury, three tests were made during the growing 
season of 1943. 

In tests 1 and 2, peach trees were sprayed with mixtures containing 
sulphur (8 lbs.), acid lead arsenate (2 lbs.), and various concentrations of 
high-calcium hydrated lime (0, 6, and 16 lbs. per 100 gals.) at two consecu- 
tive spray periods. Sprays were applied at the usual times, those of the 
shuck split and first cover applications. In the third test, one application 
of lead arsenate, sulphur, and lime was made about 6 weeks after shuck split. 

In all tests, each group of similarly treated trees was divided, after appli- 
cation of the sprays containing lead arsenate, into two lots, one lot receiving 
a sulphur-hydrated lime spray, and the other sulphur alone. This applica- 
tion of sulphur and lime or sulphur alone followed the last lead arsenate 
spray by 12 to 19 days. 

Test 1 was in southern New Jersey on J. H. Hale and Elberta peach trees. 
Environmental conditions were not conducive to arsenical injury, and con- 
sequently no advantage was noted from the use of the delayed lime applica- 
tion. Arsenical injury was not pronounced in any treatment, and the 
amount of injury did not appear to increase in any block after the delayed 
lime application. 

Test 2 was in a block of Golden Jubilee trees in New Brunswick where 
environmental conditions, during the test, were conducive to the develop- 
ment of arsenical injury. The data (Table 1) were taken two weeks after 
the last spray was applied. 

Test 3 was in New Brunswick on trees of the Fireglow variety. Whep 
the delayed lime spray was applied, foliage injury was already visible. The 
data (Table 1) were obtained by making foliage counts 18 days after the 
last spray was applied. 

From the results of these experiments, it is apparent that the inclusion 
of hydrated lime in a spray following by approximately two weeks one con- 
taining lead arsenate may materially reduce the amount of foliage injury to 
peaches that results from the use of lead arsenate. — Robert H. Daines, New 
Jersey Agricultural Experiment Station, New Brunswick, N. J. 

A Method of Inoculating Peach Seedlings with Crown Gall without Using 
Punchires. — The host range of crown gall has largely been determined either 
by making artificial injuries and inserting the crown-gall organism from 
pure cultures, or by growing the host in infected soil. The results presented 
in this paper show a water suspension from uninjured galls to be an efficient 
means of placing the crown-gall organism in the soil in contact with peach 
seedlings that were not artificially injured. BanfielcF has shown that unin- 

^Banfield, W. M. Life history of the erowxi-gall organism in relation to its patho- 
genesis on the red raspberry. Jonr. Agr. Res. [XJ.S.] 48: 761--787. 1939. 
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jured crown gall on raspberries can liberate in water large numbers of the 
crown-gall organisms. Smith and Cochran^ have reported that a high per- 
centage of crown gall occurs on stone fruits in nurseries on land having no 
previous history of crown gall, and have associated this trouble with irriga- 
tion water that was contaminated with the crown-gall organism. 

To test this avenue of infection, peach pits were planted in a dark- 
colored mountain potting soil (pH 8.36) that had previously been treated 
with chloropicrin gas. Twenty-five peach seeds that were just beginning 
to germinate, but were not sufficiently advanced to be injured in handling, 
were planted in each 5-gallon container. One week after planting, at time 
of emergence, the soil in some of the containers was watered with a suspen- 
sion obtained from soaking 20 good-sized crown galls in 20 quarts of water 
over night. One quart of suspension was applied per can. 

The seedlings were dug and results taken in January, after one 
season’s growth. The results can be summarized as follows: 

329 trees treated with suspensions — 175, or 53 per cent, with galls 
93 trees not treated (controls) — 9, or 9.6 per cent, with galls 

There were some galls in the nontreated or control trees. These galls 
cannot be satisfactorily accounted for, but may have resulted from con- 
tamination by spattering from the infected soil of inoculated cans, or from 
the incomplete sterilization of the planting soil, or from the pits stratified in 

i sand and peat. The irrigation water for these trees was from the deep wells 
of the Eiverside city water system. It is well established that injuries are 
necessary for the entrance of the crown-gall organism into the host. Siegier 
i and Bowman^^ have observed injuries made in germinating peach seedlings 

near where cotyledons are attached. Other injuries may occur in rapid- 
growing seedlings where lateral roots arise or where soil insects injure the 
roots. The soil in these experiments was treated with chloropicrin before be- 
I ing used, and was apparently free of injurious insects. This, however, does 

not preclude the possibility of their having been introduced with the rinse 
water from the unsterilized galls used in the experiment. — Clayton 0. 
i Smith, University of California Citrus Experiment Station, Riverside, 

California. 

( The Term Yiruliferous. — -The medical term viruUferous was derived 
from virulenius, meaning virulent or full of virus, and meaning bear 
or carry, with the idea of motion predominating. This meaning, virus- 
bearing, was indicated by Carsner and StahP when they substituted the 
established medical term viruUf erous iov the term viriferous, which they^ 
had a little earlier coined. This latter term was so defined as to describe 

2 gmitii, C. 0., and L. C. Cochran. TJ. S. Pept. Agr. Bur. Plant Indus., Plant Pis. 
Beptr. 28: 160-162. 1944. 

3 Siegier, E. A., and J. J. Bowman. Crown gall of peach in the nursery. Phytopath. 
30: 417-426. 1940. 

1 Carsner, E., and C, P. Stahl. Studies on curly-top disease of the sugar beet. Jour. 
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the status or condition of an insect vector, in this case the beet leafhopper, 
EutetUx ienellus (Baker), in which it carries a virus, in this case the curly- 
top virus. Leach^ defines viruliferotis: ''Capable of inducing a disease by 
feeding on the suscept.’^ 

The term viruliferous has gradually come into extensive and effective use 
in plant pathology in the above sense. This precise usage may be corrupted 
unless divergent practices are avoided. Yalleau^*® has referred to plant tis- 
sue as viruliferous. It would follow from this that any plant affected with 
a virus disease is viruliferous. Indeed, Johnson and Jones® have adopted 
such usage. Such corrupting of a precise, highly useful term ought to be 
discouraged. The Committee on Terminology (Nomenclature) of Immunol- 
ogy and Use of Technical Words of the American Phytopathological Society 
could help in this situation by recommending an appropriate, restrictive 
definition. 

Brampton, Linn, and Hansing^ reintroduced the term viriferous which 
they preferred to viruliferous. It is to be hoped that few if any other 
writers will follow their lead in this. — Eubanks Caesner, U. S. Department 
of Agriculture, Eiverside, California. 

Resistance of Ouayule to the Boot-knot Nematode. — At the time the 
emergency rubber project was started by the United States Department of 
Agriculture, little was known concerning the diseases of guayule, Par- 
thenium argentatum Gray. Until this xerophytic plant was removed from 
its natural habitat and placed under cultivation, the only parasites recorded’- 
were a rust, Puccinia partkenii (Sigeg.) Arthur, and dodder, Cuscuta sp. 
Eecently, various workers^' ® have given attention to certain root dis- 

eases in nurseries and experimental plantings. Among the root diseases 

3 Leach, J. G. Insect Transmission of Plant Disease. 615 pp. New York. 1940. 

4= Valleau, W. D. Experimental production of symptoms in so-called recovered ring- 
spot tobacco plants and its bearing on acquired immunity. Phytopath. 31 : 522-533. 1941. 

5 Valleau, W. D. Control of the common mosaic disease of tobacco by breeding. 
Phytopath. 32: 1022-1025. 1942. 

c Johnson, E., and L. K, Jones. A report on a study of virus transmission by fungi 
and nodule bacteria of peas. U. S. Dept. Agr., Plant Disease Reporter 27 : 656-658. 
1943. 

7 prampton, V. L., M. B. Linn, and E. D. Hansing. The spread of virus diseases of 
the yellows type under field conditions. Phytopath. 32: 799-808. 1942. 

1 Lloyd, Prancis Ernest. Guayule (Parthenium argentatum Gray), a rubber-plant of 
the Chihuahuan Desert. Carnegie Inst. Wash. Publ. 139. 1911. 

2 Campbell, W. W., L. D. Leach, J. T. Presley, and W. C. Snyder. Some diseases of 
guayule in California. U. S. Dept. Agr. Plant Dis. Rptr. 27: 63-66. 1943. 

3 Ezekiel, Walter N. Crown rot and root rot of guayule. IT. S. Dept. Agr. Plant 
Dis. Rptr. 27: 2-8. 1943. 

^ Hoyman, Wm. G, Preliminary evidence suggests guayule may be resistant to the 
root-knot nematode- XT. S. Dept. Agr. Plant Dis. Rptr. 26: 476. 1942. 

5 Presley, John T. Some diseases affecting cultivated guayule in the Southwest dur- 
ing 1942. XJ. S. Dept. Agr. Plant Dis. Rptr. 27: 94-96. 1943. 

3 Streets, R. B. The susceptibility of guayule to Phymatotrichum root rot. XT. S. 
Dept. Agr. Plant Dis. Rptr. 27: 66-68. 1943. 

7 Taubenhaus, J. J., and WaRer N. Ezekiel. A rating of plants with reference to 
their relative resistance or susceptibility to Phymatotrichum root rot. Texas Agr. Exp. 
Sta. Bull. 527. 1936. 

8 Watkins, G. M. Diseases of guayule observed in Texas. XJ. S. Dept. Agr. Plant 
Dis. Rptr. 27: 591. 1943. 
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mentioned, it is interesting to note that guayule is not regarded as being 
yery susceptible to Phymatotrichum omnivorum (Shear) Duggar, a fungus 
indigenous to the Southwest where guayule is being planted. Taubenhaus 
and EzekieP list guayule as being moderately susceptible while Streets® 
has reported only a trace of infection in the first year’s growth under irriga- 
tion. Presley^ was unable to produce infection under laboratory or field 
eonditions. 

At some locations where guayule is being planted it is quite probable that 
the root-knot nematode, Heterodera marioni (Cornu) Goodey, occurs. 
Campbell, Leach, Presley and Snyder^ have observed that plants in the older 
nursery beds at Salinas, California, showed light infestations. In an experi- 
ment in 1942 at Tucson, Arizona, 13 transplants® remained free from infesta- 
tion after growing in the field in infeed soil from March 20 until October. 
Six other transplants were grown six months in pots containing naturally 
infested soil. When the soil was removed from their roots, only a very slight 
infestation was found on one plant. The roots and tops of these six plants 
were pruned and returned to the original pots, and through the winter 
months the plants were placed in the greenhouse where the temperature was 
never below 20° C. Tomatoes were seeded with the six guayule plants to 
serve as nematode indicators. When the tomato seedlings were removed, 
the roots were severely infested with the root-knot nematode^® indicating that 
the soil was heavily infested. Twelve months after the guayule had been 
returned to the pots, the roots were examined for infestation but none was 
apparent. The soil was returned to the pots and tomatoes were again 
seeded. The amount of infestation on the seedling roots indicated Hetero- 
dera marioni was still present in sufiieient numbers to cause severe infesta- 
tion of this indicator plant. 

Additional evidence as to the resistance of guayule was obtained from 
10 transplants growing in pots containing artificially infested, sandy soil. 
This experiment was started in October, 1942, in the greenhouse where the 
temperature was 20° C. or higher. Tomatoes were seeded in October in the 
pots containing the guayule transplants and when removed as seedlings the 
roots were severely infested with the root-knot nematode. In October, 1943, 
the guayule roots were removed from the pots and only a very slight infesta- 
tion was observed on one of the 10 plants. The soil was returned to the pots 
and tomatoes were again seeded. The severe infestation observed on the 
seedling roots was evidence that the nematode population was still very 
great. These data indicate that guayule is very resistant to the root-knot 
nematode. — ^Wm. G. Hoyman, Department of Plant Pathology, University 
of Arizona, Tucson, Arizona. 

9 The guayule transplants used in this investigation were obtained from one of the 
Eorest Service Nurseries, Salinas, California. 

10 The root-knot nematodes occurring in the infested tomato roots were identified by 
Gerald Thorne, Associate Nematologist, United States Department of Agriculture, Salt 
Lake City, Utah. 
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DEANE B. SWINGLE 
1879-1944 


H . E . M 0 R R I S A. N D F . B . C 0 T N E R 

In the death of Deane B. Swingle at Bozeman, Montana, Jaiinary 18, 
1944, we have lost a distinguished botanist, an eminent teacher, and an excel- 
lent administrator. 

Deane B. Swingle was born in Wayne County, Pennsylvania, January 6, 
1879. He attended country school, was tutored by his mother, and then 
entered Kansas Agricultural College, obtaining his B.S. degree in 1900. 
He carried on graduate work at the University of Wisconsin, receiving the 
M.S. degree in 1901 and the Ph.D. degree in 1931. 

From 1901 to 1906 he was connected with the United States Department 
of Agriculture, working under the direction of Erwin F. Smith. 

In August, 1906, he came to Montana State College and organized the 
work in botany and bacteriology in the Department of Biology. A Depart- 
ment of Botany and Bacteriology was created in 1911, and he remained as 
head of this department throughout his life. He had charge of the work in 
botany and bacteriology, specializing in plant pathology, in the Montana 
Agricultural Experiment Station from 1906 to 1925. In 1931 he was made 
Dean of the Division of Science of Montana State College. While in this 
capacity he also served as acting president in President Alfred Atkinson’s 
absence. When A. L. Strand became President, Dr. Swingle was formally 
named as vice-president and continued to act in this capacity until his death. 

Dr. Swingle was a member of the American Association for the Advance- 
ment of Science, the Society of American Botanists, American Phytopatho- 
logieal Society (Charter and Life Member), American Society of Plant 
Taxonomists, Society of American Bacteriologists, and The Montana Horth 
cultural Society (Life Member). He was also a member of Sigma Xi, Phi 
Kappa Phi, and Phi Sigma, is listed in ‘‘Who’s Who in America” and in 
American Men of Science. In the field of botanical sciences he made notable 
and permanent contributions. His cytological studies concerning the “For- 
mation of the Spores in the S^oraxigm ot Bhizopus nigricans and Phy- 
comyces nitens’’ have been quoted and copied by numerous authors of funda- 
mental works in botany. He was the author of three important textbooks: 
“Textbook of Systematic Botany, ’’“Plant Life,” and “General Bacteri- 
ology,” which have been adopted in many colleges and universities. 

Dr. Swingle was loved, respected, and admired by students and faculty 
alike. His greatest satisfaction was derived from his association with stu- 
dents and in teaching, for he was above everything else a teacher. 

His relation to his colleagues was always that of a friend and counselor. 
He never discredited the opinions of others, even though they differed from 
his own, but wmild offer suggestions that would often tend to prove his point. 
His interest reached far beyond his qwn particular sphere of endeavor, and 

■ ■'■■'^^9 ■ 
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the success of any department was interpreted by him as lending success to 
his own department, as 'well as advancing the prestige of Montana State 
College. 

Dr. Swingle believed in people. He found the finest delights of his 
experience in developing and furthering the interests of others. Although 
he saw their imperfections he never slackened his efforts to help them to be 
more nearly the men and women they were capable of being. His work was 
therefore conceived to be an opportunity for a service that would assure a 
continuing influence. In this way he developed the kindly, sympathetic, 
personal philosophy that so charmed his friends and acquaintances and laid 
the foundation for a true memorial— not in stone or steel, but in the hearts 
of those who knew him. 

To those who knew him intimately the loss of his counsel, his sympa- 
thetic understanding, and his friendship will be keenly felt. 
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RHIZOME TREATMENTS FOR CONTROLLING BOTRYTIS CROWN 

ROT IN IRIS" 

LouiseDosdall 
(Accepted for publication February 28, 1944) 

Botrytis convoluta was described by Wbetzel and Drayton (7) in 1932 
as a new species of fnngns parasitic on rhizomatous iris. According to these 
authors the fungus had been intercepted during the ten years previous by 
United States Department of Agriculture Quarantine Inspectors on iris 
rhizomes from Prance, Germany, England, and Holland and had been ob- 
served in New York since 1924, in Washington state in 1931, and in Ontario, 
Canada, in 1927. In 1934 the disease was reported from Minnesota (2), in 
1937 from New Jersey (8), in 1938 from British Columbia (1) and Idaho 
(in correspondence to the author), and in 1939 from Missouri (6) ; so that 
it seems to be quite generally distributed at least through the northern part 
of the United States. A basal gray mold caused by Botrytis species was 
reported in 1939 (5) as the third most important disease of iris in England, 
but it is not clear whether the fungus involved is Botrytis convoluta. Other 
references that might be interpreted as pertaining to this species are lacking 
in the European literature. In 1937 Drayton (3) described the ascigerous 
stage which he produced in culture and named Sclerotinia convoluta. 

In the spring of 1934 Botrytis crown rot was very severe in several iris 
plantings in Minnesota, and in at least three nurseries continued cultivation 
of iris was threatened because of the destructiveness of the disease and by 
the great masses of sclerotia and eonidia produced as potential inoculum. 
Rhizome treatments seemed one possible means of preventing spread of the 
disease and of establishing new plantings free from the disease. In late 
summer rhizomes from a miscellaneous collection of old varieties of iris were 
obtained for experimentation from a heavily infected planting that had been 
observed during the entire growing season of 1934. After the iris had 
started growth in the spring no further development of the rot was apparent. 
The fans which had not been killed during the winter grew vigorously and 
by midsummer there was nothing to indicate presence of the disease except 
the many missing plants in the rows. As the rhizomes were being cut for 
replanting, no signs were discovered by which a grower might detect the 
disease in his stock. With the material available rhizome treatments were 
planned to obtain as much information as possible concerning the extent to 
which infection is carried on the rhizomes and the extent to which fungicides 
are effective in eliminating the disease. 

It was common practice among Minnesota iris growlers to throw a handful 
of copper sulphate crystals around the crown of iris plants in the fail to 

1 Assistance in the preparation of these materials was furnished by the personnel of 
the Work Projects Administration, Official Project No. 165"71-1~124, sponsored by the 
University of Minnesota. Paper No. 2142, the Scientific Journal Series, Minnesota Agri- 
cultural Experiment Station, 
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protect tlieni from rot in general. Mercuric chloride was nsed to some 
extent as a rhizome dip to control bacterial soft rot. It was thought that 
calomel or Semesan might be less injurious, or formaldehyde, if effective, 
cheaper. These five fungicides were selected and used in the following 
strengths : mercuric chloride 1 : 1000, mercuric chloride 1 : 1000 plus one per 
cent hydrochloric acid; calomel 1 : 128 (one ounce to one gallon of water) ; 
Semesan 1 : 400 (0.25 per cent) ; copper sulphate 1 : 100 ; and formalin 1 : 80, 
1 : 160, and 1 : 320. For each of the treatments five rhizomes of each of 13 
varieties were available. After the rhizomes had been cut into one-fan 
units and trimmed according to the common nursery practice, each fan- 
unit with rhizome and the portion 2 to 3 in. above it was treated 5 minutes, 
drained on newspaper 30 minutes, and wrapped in dry paper until planted 


MERCURIC CHLORIDE [O 
SEMESAN Q] 

CALOMEL I 2 1 

FORMALIN |:80 | 2 I 
ACID MERCURY ■rsn 

FORMALIN l:|E0 WMT] 
FORMALIN l:320 HFag~F' 
CHECK 


SEMESAN [|] 

FORMALIN |:|60 IE 
ACID MERCURY (jH I 
CALOMEL I is" I 

MERCURIC CHLORIDE H I4 | 
FORMALIN |:320 g] I7 
FORMALIN l:80 I 22 


H. ■ ?0 - 


l 


l l 

S lO 

NUMBER OF PLANTS 


WW s KILLED BY QOTRYTIS CONVOLUTA 

= killed by miscellaneous causes 


Fig. 1. Eesults in tlie spring of 1935 of treat- 
ing iris rhizomes August 30, 1934, to control 
Botrytis crown rot. Each bar represents 65 
plants belonging to 13 varieties. 


PERCENTAGE OF PLANTS 

m= killed by botrytis cqkvoluta 

I I SKILLED BY MISCELLANEOUS CAUSES 


Fig. 2. Eesults in the spring of 1935 
of rhizome treatments August 30, 
1934, on the control of Botrytis crown 
rot in Monsignor, Malvina, and an un- 
known variety of iris. 


five days later. During the winter the plants were covered with a straw 
mulch. The amount of disease in the plots was observed the following 
spring. 

In the spring of 1935, only 23 (2 per cent) of the 585 plants in the experi- 
ment were infected with Botrytis; considering the checks alone, 4 plants (6 
per cent) out of 65 carried the infection as evidenced by the presence of the 
fungus (Table 1 and Figs. 1 and 2). This low percentage of rhizomes 
carrying the disease limited the range within which the treatments exerted 
their effect. However, 20 per cent of the check plants were lost from mis- 
cellaneous causes. This loss was reduced to 17 per cent by formalin 1 : 320, 
to 15 per cent by calomel, to 14 per cent by mercuric chloride, to 11 per cent 
by the acid mercury, and to 6 per cent by both Semesan and the formalin 
1 : 160 (Table 1 and Figs. 1 and 2) . Thus these treatments exerted a bene- 
ficial effect that is not evident if one considers only plants rotted by Botrytis 
in the spring. 
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a Ehizomes of 13 varieties treated August 30 aud planted September 4, 1934. Observations May 7, 1935. All plants covered witb straw diir- 

^ I) Under M are the numbers of plants missing from miscellaneous causes ; under B the numbers infected by Botrytis, and under H, the numbers 
remaming healthy. 
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Originally it was hoped to find some measure of the injury to the plants 
that might he caused by any of the treatments. Notes were taken in the 
fall on the condition of the plants just before the straw mulch was applied. 
At this time a few plants had disappeared. Some of the plants that seemed 
not to be growing at this time were in good condition the following spring 
and some that were good in the fall had disappeared in the spring. Unfor- 
tunately, from the nature of the disease, considerable time must elapse be- 
tween rhizome treatment and obseryations on the effect of treatments in 
suppressing the disease, in this ease from August 30, 1934, to April 1, 1935. 
During this period it is difficult under Minnesota conditions to follow the 
progress of the disease and to account for all the things that may happen to 
the plants. Some of the plants were lost by freezing during the winter. 
It was discovered later that some of the newly set rhizomes lost during hot 
dry periods in late summer or early autumn were rotted by BMzopus. 
Some of the plants that rotted during the winter were inadvertently re- 
moved with the straw mulch in the spring. The best criterion of the 
effectiveness of the treatments therefore seemed to be either the percentage 
of healthy plants or the combined losses from Botrytis and from miscellane- 
ous causes. Where the latter greatly exceeded that in the checks it was 
assumed to be due to injury from the fungicides; where the number of 
healthy plants greatly exceeded the number in the checks the benefits were 
assumed to be due to treatments. Whether all the beneficial effect was due to 
suppression of the Botrytis rot cannot be stated. The one per cent copper 
sulphate definitely injured the plants (Fig. 1). The formalin 1:80 and 
1 : 320 plots were not much better than the check plots ; and the lowest per- 
centage of plants was lost in the Semesan plots. 

Only three varieties, Monsignor, Malvina, and an unknown variety, car- 
ried the Botrytis infection in the checks (Table 1). Figure 2 shows the inci- 
dence of Botrytis infection in each of the treatments for the 15 plants con- 
cerned. This probably gives the better picture of the effect of the fungicides 
in suppressing the disease even though the number of plants concerned is 
small. 

Experiments of the first year showed that the fungus was carried over 
from one field to another on the rhizomes to a limited extent. Rhizome 
treatments at transplanting time gave encouraging results as a control mea- 
sure. In the three varieties with Botrytis rot in the check plots, mercuric 
chloride, Semesan, calomel, and formalin 1 : 80 eliminated the disease ; the 
acid mercury and the weaker formalin solutions reduced the amount; but 
the copper sulphate 1 : 100 definitely killed the plants. The mercuries, there- 
fore seemed to offer good prospects for control, formalin seemed deserving of 
further experimentation as to concentration and length of treatment, and it 
was apparent that the copper sulphate should be tested at a much reduced 
strength. 

In the various iris plantings observed in the spring of 1934, the heaviest 
infections of Botrytis crown rot were in those plantings that had been cov- 
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ered with straw during the winter. To determine whether the rot develops 
more severely under a covering of straw or when the plants are exposed 
during the winter, half of 540 plants treated as in the previous experiment 
were covered with straw and half were not covered. Ten rhizomes of each of 
six varieties of iris were used for each treatment. One variety, in which no 
Potrj/fe appeared in either the covered or the not covered check plots, was 
not included in the summary of results in table 2. Of the 225 plants in the 
covered series 27 per cent were lost from miscellaneous causes and 2 per cent 
from Boirytis, while in the series where the plants were not covered 28 per 
cent were lost from miscellaneous causes and 9 per cent from Boirytis. 


TABLE 2 . — The effects of straw mulch and rtmome treatments on Botrytis crown 
rot of iris 





Plants covered 



Plants not covered 


Treatmentsa 


Killed 





Killed 






Misc. 

causes 

Botrytis 

Healthy 

Misc. 

causes 

Botrytis 

Healthy 

Eungieide 

Strength 

No. Pet. 

No; Pet. 

No. Pet. 

No. Pet. 

No. Pet. 

No. Pet. 

Cbeck 

Copper sul- 


9 

36 

2 _ 

8 ' 

14 

56 

5 

20 

11 

44 

9 

36 

phate 

Mercuric 

1:100 

24 

96 

0 

0 

1 

4 

20 

80 

3 

12 

2 

8 

chloride 
Acid mer- 

1: 1000 

4 

16 

0 

0 

21 

84 

5 

20 

0 

0 

20 

80 

cury 

1: 1000 

3 

12 

0 

0 

22 

88 

5 

20 

0 

0 

20 

80 

Semesan 

1: 400 

1 

4 

0 

0 

24 

96 

6 

24 

1 

4 

18 

72 

Calomel 

1: 128 

3 

12 

0 

0 

22 

88 

8 

32 

1 

4 

16 

64 

Formalin ... 

1: 80 

8 

32 

0 

0 

17 

68 

6 

24 

0 

0 

19 

76 

Formalin ... 

1: 160 

1 

4 

0 

0 

24 

96 

4 

16 

1 

4 

20 

80 

Formalin ... 

1: 320 

7 

28 

2 

8 

16 

64 

3 

12 

3 

12 

19 

76 

Total 


60 

27 

4 

2 

161 

71 

62 

27 

20 

9 

143 

64 


a Rhizomes of 5 varieties treated August 30 and planted September 4^ 1934. Obser- 
vations May 7, 1935. 


Considering only the check plots, 9 plants in the covered series were lost 
from miscellaneous causes and 2 from Botrytis^ a total of 11 of the 25 plants 
lost; while in the series which was not covered 5 plants were killed by mis- 
cellaneous causes and 11 by Botrytis, a loss of 16 of the 25 plants. Here 
again some of the plants killed by Botrytis may have been removed inad- 
vertently with the straw mulch so that the effectiveness of the treatments 
under the two conditions is best depicted by the total loss of plants or by the 
number of healthy plants. 

Figure 3 compares the percentages of plants lost in the two series of each 
treatment (25 plants) . The upper bar of each pair represents the covered 
plot and the lower bar the plot which was not covered, while the solid portion 
(white or black) of each bar represents the plants killed by Botrytis and the 
shaded portion those killed by miscellaneous causes. Iris in the copper 
sulphate plots came through the winter poorly .* only one plant escaped 
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killing in the covered series and three in the series not covered. In general, 
however, a straw covering reduced the loss of plants in both check and 
treated plots. The loss attributable to Botrytis seemed to be eliminated 
in most of the treated covered plots and to be greatly reduced in covered 
check plots. The losses resulting from miscellaneous causes were slightly 
or greatly reduced by straw covering plus certain of the treatments (mer- 
curies and formalin at 1 : 160) but were not reduced with straw covering 
alone or with straw covering plus copper sulphate or formalin at 1 : 80 and 
at 1 : 320. Rhizome treatment alone, without straw covering, always reduced 
or eliminated the loss from Botrytis but seldom reduced the losses from 
miscellaneous causes. 










FORMALIN I:I60 
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Fig. 3. Comparison of tlie amount of 
Botrytis crown rot developed from treated 
iris rhizomes with and without a straw 

covering during the winter 1934-1935. 
Each bar represents 25 plants belonging to 
5 varieties. 
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I 

15 


I 

20 


C3 


SKILLED BY BOTRYTIS CONVOLUTA 
SKILLED BY MISCELLANEOUS CAUSES 


Fig. 4. Eesults in the spring of 1936 of 
rhizome treatments October 1, 1935, on the 
control of Botrytis crown rot. Variety 
Labor. 


Thus under the conditions of this experiment, fewer plants were lost 
I from Botrytis crown rot when the plants were covered with a straw mulch 

than when they were left exposed during the winter. 

I In the fall of 1935 it was possible to obtain from a private nursery a 

J quantity of rhizomes of the variety Labor. These plants had been divided 

I and set out in the late summer of 1933. In the spring of 1934 there had 

been considerable loss from Botrytis rot although exact counts on the per- 
centage of plants infected were not made. Frequently several adjacent 

i plants in a row were rotted by Botrytis, then for a distance all the plants 

were healthy. In some cases an entire row had been killed. The spotted 
distribution of the diseased plants in this field particularly had suggested 
that the infection was carried to the field on the rhizomes. This planting 
was reported to have very little Botrytis rot in the spring of 1935. 
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■When the rhizomes of these plants were ent into one-fan units for re- 
planting they were perfectly sound and there was no striking* evidence of 
disease. The field evidence seemed to be that the disease had disappeared 
from the planting. The outer leaves, however, were dry on almost all the 
fans and at the base of the leaves there was a leathery dry rot similar to that 
from which Botrytis convoluta was isolated in the fall of 1934, No tissue 
cultures were made from this material, however. These outer leaves did not 
separate and leave a clean scar as do normally senescent leaves ; they tore 
irregularly, leaving fragments of dead leaf tissue attached to the rhizomes. 

The same method of rhizome treatment was followed as in 1934. The 
strength of the copper sulphate solution was reduced to 1 : 1000, the formalin 
1 ; 80 was omitted and a 1 : 240 was substituted for the 1 : 160. For all treat- 
ments except the calomel, 5-minute and 30-minute immersion periods were 
tested. Twenty rhizomes were used for each treatment. The rhizomes 
were treated October 1, 1935^ and planted October 2, in two blocks with the 
14 treatments randomized in each. Final notes on the number of plants 
killed by miscellaneous causes, killed hj Botrytis ^ and infected by Botrytis 
but not killed were recorded May 13, 1936. All of the plants were covered 
with straw during the winter. More accurate counts than in the previous 
year of the number of plants killed by Botrytis were obtained by examining 
each individual plant as the straw was removed from it. 

The results are summarized in figure 4. Each bar represents the number 
of plants lost, the clear portion those lost from miscellaneous causes and the 
black portion those from Botrytis. One plant in the 30-minute copper sul- 
phate plot was infected with Botrytis but was not killed. In 1937 this same 
plant developed no signs of the disease. In all other cases the plants show- 
ing signs oi Botrytis were dead in the spring of 1936. No Botrytis appeared 
in any of the plots except the cheeks, the two copper sulphate and the 30- 
minute formalin 1 : 320 treatments. The best stands were obtained with the 
two Semesan, the calomel, and the five-minute formalin 1 : 320 treatments. 
With the 30-minute acid mercury and the 30-minute formalin treatments 
as many plants were lost as in the check plots. The significance of these 
results was evaluated by calculating the analysis of variance for the number 
of living plants in each plot since the majority of the plots contained no 
plants with signs of Botrytis infection. With regard to stand there were 
no statistically significant differences in the response of the rhizomes to the 
various treatments. However, from the standpoint of elimination of the 
disease the results were consistent with those of the previous year, namely, 
the mercury treatments gave good promise of adequate control, the formalin 
fair promise that the proper combination of strength of solution and peinod 
of immersion might be worked out, and the copper sulphate seemed unsatis- 
factory. 

In the summer of 1937 rhizomes of the plants set out in 1934 were avail- 
able for experimentation. This block of plants had been under continuous 
observation since planted. In the spring of 1937 a high percentage of 
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plants was diseased as a result of inoculations with macroconidia of Botryiis 
convoUita the previous November. Moreover, Botrytis rot resulting from 
natural infection was extremely heavy in the spring of 1937. This planting 
consequently offered the most uniformly infected lot of plants that had been 
available for study. During April and May each clump of iris infected with 
Botrytis convoluta was marked with a stake. The rhizomes from these 
plants were used in the late summer for further rhizome treatment experi- 
ments. 

In spite of the heavy infection of Botrytis rot in the spring, the new 
rhizomes in late summer showed no signs of disease. In some varieties the 
soil close to the roots contained many black sclerotia of Botrytis convoluta 
which sometimes adhered very closely in the crevices between the roots and 
rhizomes. These sclerotia were particularly abundant among the roots of 
the variety Miss Maggie. 

The same general method of treatment was followed as in the two pre- 
vious years. The strength of the formalin solutions was changed to 1 : 200 
and 1 : 400. A dry and a wet sulphur treatment were added to the list. In 
the dry treatment the rhizomes were shaken in a paper bag with a small 
quantity of dusting sulphur, in the wet treatment they were dipped in a 
suspension of wettable sulphur containing one pound sulphur in a gallon 
of water. Mercuric chloride and calomel were used in combination as well 
as singly. A yellow mercury oxide treatment was included also. Both 
the calomel and the yellow oxide were used simply in water suspensions and 
combined with gum arabic. 

For making the gum arabic suspensions the recommendations of Glasgow 
(4) for the use of calomel in treating cabbage seed were followed. One part 
of gum arabic was ground as finely as possible in a porcelain mortar, a small 
amount of water added and ten parts of the mercury powder ground in to 
make a smooth paste. Finally enough water was added to give a proportion 
of one ounce of calomel or yellow oxide to one gallon of water. The gum 
held the calomel in suspension for several hours but in 24 hours it had settled 
out. The yellow oxide and the gum combination was not much more stable 
than the yellow oxide alone. 

Twenty rhizomes of each of five varieties received each treatment on 
August 27, 1937, and were planted the following day in 2 randomized blocks 
in soil which had not grown iris previously. All the plots were covered 
with straw during the winter. Final counts on the number of plants in- 
fected with Botrytis j the number of plants killed by miscellaneous causes, 
and the number of healthy plants were recorded May 23, 1938. From these 
data the response of the iris rhizomes to the various treatments was again 
studied by calculating the analysis of variance for the number of living 
plants free from Botrytis infection. 


The results are summarized in table 3. Examining the mean numbers 
of healthy plants for all the varieties, it is seen at once that all mercury 
treatments except the 10-minute Semesan gave highly significant superior 
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TABLE 3 Besults of rhizome treatments to control Botrytis crown rot. BMsomes 

treated August ^7 and planted August 28, 1937; observations May 23, 1938. All plants 
were covered with straw during the winter 


Treatment 


Mean No. healthy plants per plot of 10 plants 


Fungicide 

Strength 

Time 

in 

min- 

utes 

All va- 
rieties 

Miss 

Maggie 

Shake- 

speare 

Edith 

Mon- 

signor 

Colum- 

bia 

Calomel 

Calomel and 

1: 128 

10 

**9.7 

**9.5 

10.0 

10.0 

*9.5 

9.5 

gum arabic ... 
Mercuric chlo- 
ride and calo- 

1: 128 

10 

**9.5 

**9.5 

10.0 

9.0 

*9.5 

9.5 

nlel 

Yellow mercury 
oxide and 

1: 1000 

30 

**9.4 

**9.0 

9.5 

9.0 

*10.0 

9.5 

gum arabic ... 
Yellow mercury 

oxide 

Mercuric chlo- 
ride and calo- 

1: 128 

10 

**9.4 

**8.5 

9.0 

9.0 

*10.0 

10.0 

1: 128 

10 

**9.3 

**9.0 

9.5 

9.0 

*10.0 

9.5 

mel 

Mercuric chlo- 

1 : 1000 

10 

**9.2 

**9.5 

9.5 

8.5 

*10.0 

8.5 

ride 

1; 1000 

30 

**9.1 

*8.0 

9.5 

9.0 

*9.5 

9.5 

Semesan 

Mercuric chlo- 

1 : 400 

30 

**9.0 

7.0 

8.5 

10.0 

*9.5 

10.5 

ride 

1: 1000 

10 

**8.7 

*7.5 

9.5 

8.5 

*9.0 

9.0 

Acid mercury... 

1 : 1000 

30 

**8.6 

7.0 

8.0 

9.5 

*9.5 

9.0 

Acid mercury... 

1 : 1000 

10 

**8.5 

6.5 

9.0 

9.5 

*8.5 

9.0 

Formalin 

1 : 200 

30 

*7.8 

3.5 

8.0 

9.0 

*9.5 

9.0 

Formalin 

1:400 

10 

7.3 

5.5 

8.0 

*8.5 

5.5 

9.0 

Semesan 

Sulphur — ^wet- 

1: 400 

10 

6.7 

4.5 

6.0 

8.5 

7.0 

7.5 

table 

1: 8 

10 

6.7 

5.0 

7.0 

8.5 

5.0 

8.0 

Formalin 

1 : 400 

30 

6.6 

2.0 

9.0 

8.0 

6.5 

7.5 

Formalin 

Sulphur — dust- 
ing 

Check 

1: 200 

10 

6.5 

6.4 

6.5 

4.5 

4.0 

4.0 

6.5 

6.0 

8.0 

8.5 

7.0 

8.0 

5.5 

5.5 

5.0 

7.5 

9.5 

7.5 

Mean No. healthy plants per plot 

8.15 

6.53 

8.45 

• 8.78 

8.13 

8.87 


DifEerence necessary for significance be- 
tween treatments 

Difference necessary for significance be- 
tween treatments within any variety 

Difference necessary for significance be- 
tween varieties 


at 5 per 

at 1 per 

cent level 

cent level 

1.1 

1.5 

3.45 

5.71 

0.57 

0.94 


* = Significant difference between treatments at the 5 per cent level compared with 
the check. 

** = Significant difference between treatments at the 1 per cent level compared with 
the cheek. 

stands when compared with the checks and that the 30~mmute formalin 
1:200 was significantly superior to the check when compared at the five 
per cent level. The three other foi'malin treatments and the sulphur treat- 
ments were not significantly superior to the checks. There were no signifi- 
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cant differences between the effective mercury treatments except between 
the calomel treatment with the highest and the 10-minute acid mercury with 
the lowest mean. Gum arable added nothing to the effectiveness of the 
calomel or yellow oxide of mercury, nor was the combination of calomel and 
mercuric chloride more effective than either fungicide alone. 

Considering the mean numbers of plants for each variety, there is a sig- 
nificant difference in the response of the variety Miss Maggie to the treat- 
ments in comparison with the rest of the varieties even at the one per cent 
level. There is also a significant difference between the response of the 
variety Monsignor and varieties Columbia and Edith at the five per cent 
level. The Botrytis infection in the cheek plots was 50 per cent in the vari- 
ety Miss Maggie, 15 per cent in Shakespeare, 15 per cent in Edith, 50 per 
cent in Monsignor, and 25 per cent in Columbia. The loss of plants from 
miscellaneous causes in the check plots was 10 per cent in Miss Maggie, 5 per 
cent in Shakespeare, 5 per cent in Edith, and none in Monsignor and Colum- 
bia. Thus, the varieties Miss Maggie and Monsignor carried considerably 
more Botrytis infection on the rhizomes than did the others and in the 
variety Miss Maggie an additional 10 per cent of the plants were lost from 
miscellaneous causes. 

Examining the response of the individual varieties to the various treat 
ments it is seen that significant differences between the checks and the treat- 
ments were obtained in the two varieties Miss Maggie and Monsignor, with 
the most marked response in the former. In the latter variety the acid 
mercury treatments and the 30-minute Semesan treatment as well as the 
30-minute formalin 1 : 200 gave no significant differences in comparison with 
the checks, while the mercuric chloride treatments were significantly superior 
to the checks only at the five per cent level. In another experiment, how- 
ever, with this same variety, where 40 rhizomes were used for each treatment, 
both the mercuric chloride treatments* were significantly superior to the 
checks at the one per cent level. 

In the tests of the two previous years there seemed to be considerable 
difference in the number of fans per plant in the different plots. It was 
thought that this might be an indication of a stimulatory or injurious re- 
sponse of the rhizomes to the various treatments or a varietal characteristic. 
A record was accordingly kept of the number of fans produced by each 
plant and the analysis of variance calculated for this character. No statis- 
tically significant differences were found for either the treatments or the 
varieties. 

Since the plot from which the iris were taken in the late summer of 1937 
had been so heavily infested with Botrytis convoluta in the spring, it offered 
a good opportunity to test the effect of the fungicides against soil-borne 
infection. A series of treated rhizomes paralleling the series planted in new 
soil was planted in the infested soil. After the iris had been removed from 
the field the soil was plowed, disced and harrowed. In replanting, the new 
rows were laid out in as nearly the same position as the former rows as was 
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possible. Sufficient space was available for six blocks of treatments similar 
to those planted in the new soil. There were rhizomes enough of three of 
the varieties used for the treatments in new soil, namely varieties Shake- 
speare, Edith, and Monsignor, to plant one series of 10 rhizomes for each 
treatment in the infested soil, or 190 rhizomes of each variety. The other 
three blocks were filled with three different varieties. The iris were dug 
August 31, the rhizomes treated September 2 and replanted September 3, 


TABLE 4, — Effect of rhizome treatment on JBotrytis crown rot in iris planted in new 
and in infested soilj winter of IBS'? -19 38 


Treatment 

New soil 

(per cent plants) a 

Infested soil 
(per cent plants) 

Pungicide 

Time 

Healthy 

Killed 

by 

mise. 

causes 

Infected 

by 

Botrytis 

Healthy 

Killed 

by 

mise. 

causes 

Infected 

by 

Botrytis 

Calomel 

10 

97 

0 

3 

70 

0 

30 

Calomel and gum 








arable 

10 

95 

0 

5 

74 

3 

23 

Mercuric chloride 








and calomel 

30 

94 

2 

4 

67 

2 

31 

Yellow mercury ox- 








ide and gum 

10 

94 

2 

4 

72 

3 

25 

Yellow mercury ox' 








ide 

10 

93 

1 

6 

73 

0 

27 

Mercuric chloride 








and calomel 

10 

92 

2 

6 

I 68 

2 

30 

Mercuric chloride... 

30 

91 

2 

7 

1 57 

2 

41 

Semesan 

30 

90 

0 

10 

50 

10 

40 

Mercuric chloride... 

10 

87 

6 

7 

59 

3 

38 

Acid mercury 

30 

86 

3 

11 

67 ’ 

3 

30 

Acid mercury 

10 

85 

3 

12 

38 1 

8 

54 

Formalin 1: 200 ... 

30 

78 

4 

18 

54 ‘ 

8 

38 

Formalin 1: 400 ... 

10 

74 

a 

23 

45 

0 

55 

Sulphur — wettable 

10 

67 

4 

29 

50 

3 

47 

Semesan 

10 

67 

5 

28 

43 

7 

50 

Formalin 1 : 400 ... 

30 

66 

5 

29 1 

32 

7 

61 

Formalin 1 : 200 ... 

10 

65 

3 

32 

54 

8 

38 

Sulphur — dusting ... 


64 

8 

28 

38 

12 

50 

Cheek 


65 

4 

31 

32 

^ 15 

53 

Average 

81 

3 

16 

55 

5 

40 

Average of the 3 varieties 







in both plots 


84 

3 

13 

53 

7 

40 


• j! ^ T^reentages in the new soil columns are based on 100 plants. Percentages in the 

intestea soil columns are based on 60 plants. 


1937. On March 21, 1938, while the ground was still frozen, some of the 
straw covering the plants was lifted and Botrytis convoluta eonidia were 
found on several plants. Final observations on the amount of the disease 
in the field were made May 24, 1938. 

A comparison of the results obtained from this planting of treated rhi- 
zomes in infested soil with those obtained from planting treated rhizomes in 
clean soil is given in table 4. Percentages are tabulated of the plants living 
in spring but not infected with Boiryiisf oi the plants killed by iniscella- 
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neons causes but not attributable to Botryiis directly, and of the plants 
showing’ definite signs of infection by Botrytis. The fungicides are listed 
serially in a descending scale according to the percentage of healthy plants 
in the new soil. According to this scale, the mercury treatments fall at the 
upper end and the formalin, sulphur, and check treatments at the lower. 
The percentages of plants killed by miscellaneous causes and the percentages 
of plants infected by Botrytis in general fall in the reverse order. This 
would indicate again that some of the unaccounted for loss of plants was 
actually due to factors controlled by the treatments, in this experiment per- 
haps most of it. The percentages of healthy plants run in almost the same 
sequence in the two types of soil but they are considerably lower in the new 
soil. The percentage of plants infected by Botrytis is from two to ten times 
as great for plots in infested soil as for the corresponding ones in new soil. 
In general, the mercuries tend to suppress Botrytis rot, but rhizome treat- 
ment is of little practical importance when the rhizomes are planted in 
heavily infested soil. 

This relative effectiveness of rhizome treatment for three varieties in 
infested soil and in new soil is represented more strikingly in figure 5. Dis- 
eased and missing plants in new soil are represented by white bars and the 
plants diseased and missing in the infested soil by black bars, the solid por- 
tion of the bar in each ease representing the percentage of plants infected 
by Botrytis and the shaded portion those lost by miscellaneous causes. The 
percentage in each white bar is thus based on 60 plants and the percentage 
in each black bar on 30 plants. For ease of comparison the white bars were 
superimposed on the black bars. Treatments are ineffective when the rhi- 
zomes are planted in infested soil except that there is a tendency for the 
fungicides effective in new soil to suppress the infection in infested soil. 
Calomel and gum arable is considerably more effective in suppressing Bo- 
trytis crown rot in infested soil than calomel alone is. In all conclusions 
drawn from this experiment, however, it must be borne in mind that the 
pathogen was probably not distributed evenly through the soil in the in- 
fested plot since all of the iris in the previous planting were not infected. 
The plowing, discing and harrowing between plantings helped to distribute 
whatever sclerotia, spores and mycelium were in the soil but probably not so 
evenly as would be desired for a careful analysis. To compensate for this 
heterogeneity a large number of replications would have been desirable. 

Finally, an attempt was made to determine whether rhizomes from plants 
visibly infected with Botrytis convoluta in the spring carried the infection 
more often than did those from plants in the same field showing no such 
signs of spring infection. In the spring of 1937 each clump of iris on which 
were found macroconidia, sclerotia, or the characteristic tan felty rot of the 
fungus was marked with a stake. In the late summer the rhizomes from 
these plants were harvested separately. For the variety Miss Maggie 400 
rhizomes from the plants with signs of infection and 400 from plants with 
no signs of infection were subjected to the same series of treatments as those 
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used in the other experiments of this same year and then planted in new 
soil. Of these 800 rhizomes, 31 per cent of those from plants showing visible 
signs of Botrytis in the spring of 1937 were infected with Boiryiis in the 
spring of 1938 and 26 per cent from plants with no signs of infection in the 
spring of 1937 were infected in 1938. Considering only the untreated rhi- 
zomes (40 in each case) 50 per cent from the plants with signs of infection 
in 1937 were visibly infected in 1938 and 40 per cent from the plants not 
visibly infected in 1937 were visibly infected in 1938. 


MERCURIC CHLORIDE 
AND CALOMEL (30 MIN.) 

YELLOW MERCURY 
OXIDE AND GUM 

CALOMEL AND GUM 

YELLOW MERCURY 
OXIDE 

MERCURIC CHLORIDE 
AND CALOMEL (10 MIN.) 

MERCURIC CHLORIDE 
(30 MIN.) 


MERCURIC CHLORIDE 
(10 MIN.) 

ACID MERCURY 
(30 MIN.) 

ACID MERCURY 
(10 MIN.) 

FORMALIN 1:200 
(30 MIN.) 

FORMALIN 1:400 
(30 MIN.) 

FORMALIN 1:400 
(10 MIN.) 

SEMESAN (10 MIN.) 

SULPHUR - WET 

SULPHUR - DRY 

FORMALIN 1:200 
(10 MIN.) 






27fe3l 


30 40 50 

PERCENTAGE OF PLANTS 


CLEAN SOIL 


f \ I sINPECTEO 9Y BOTBYTIS CONVOLUTA 
KILLED BV MISCELLANEOUS CAUSES 


INFESTED SOIL 


(1 


|=INFECTEO BY BOTRYTIS CONVOLUTA 
| = KILLEO BY MISCELLANEOUS CAUSES 


Pig. 5. Comparison of tlie effect of planting treated iTiizomes in infested and in 
nonmfested soil. 


An analysis of variance was made for the number of healthy plants in 
the series of treated plots. There was no statistically significant difference 
between the number of healthy plants obtained from the rhizomes from in- 
fected plants and those from plants not infected. An analysis was also 
made comparing the number of plants visibly infected with Botrytis in the 
spring of 1938 from rhizomes of plants bearing visible signs of the fungus 
in the spring of 1937 and from plants bearing no such signs. The differences 
were not statistically significant. The conclusion is that when rhizomes are 
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taken from a planting of iris heavily infested with Botrytis convoluta, 
apparent freedom from disease in the spring is no assurance that the rhi- 
zomes will not carry the pathogen to a new planting. 

In the late summer of 1939 the mercury treatments were tested once 
more, since these had given the most promising results in 1934, 1935, and 
1937. Calomel, yellow mercury oxide, mercuric chloride, and Semesan were 
used. The first tw^o fungicides were used again at the rate of one ounce 
to one gallon of water (1 : 128) both with and without the gum arabie. In 
the gum combinations twice the amount of gum, 20 per cent the weight of 
the chemical, used in 1937 was tested in an attempt to make the suspensions 
more stable. In these proportions the yellow oxide remained in suspension 
somewhat better than the calomel. This was exactly the reverse of the 

TABLE 5. — The effects of rJmome treatments with mercury fungicides on Botrytis 
crown rot in the iris variety Edith 


Treatmenta 


Mean No, 
hoalthy 

Percentage of plants 




plants 


Killed 

, Infected 

Fungicide 

, Strength 

r 

Minutes 

(20 rep- 
licates) 

Healthy 

by misc. 
causes 

Botrytis 

Semesan 

Calomel and 

1: 200 

1: 128 

30 

4.80 

96 1 

1 

3 

mercuric chloride 

1:500 

30 

4.75 

95 

2 

3 

Calomel 

1:128 

Dip 

4,70 

94 

1 i 

5 

Mercuric chloride 

1:500 

30 

4.60 

92 

3 

5 

Yellow mercury oxide 

1: 128 

Dip 

4.55 

91 

' 2 ' 

7 

Calomel and gum 

1:128 

Dip 

4.50 

90 ! 

4 ■ 

6 

Yellow oxide and gum 
Check 


Dip 

4.45 

4.05 

89 

81 

4 

5 

7 

14 


Difference between means necessary for significance at tlie 
5 per cent level = 0.036 
1 per cent level = 0.047 

a Rhizomes treated and planted September 14, 1939. Observations May 21, 1940. 

experience in the previous trials. Mercuric chloride and Semesan were used 
at twice the strength used before and with only the 30-minute soak for each. 

Rhizomes of only one variety of iris, Edith, were used in this experiment. 
The plants from which these were taken had been in the field two years. 
In the spring of 1938, 27 per cent were infected with Botrytis convoluta and 
in the spring of 1939, 18 per cent. The plants w^ere dug September 6 as 
they occurred in the field without any attempt to select only those plants 
which bore visible signs of the fungus the preceding spring. At cutting time 
there was no decay in the rhizomes but in many the outer leaves were dry 
and tore irregularly from the rhizome. One hundred one-fan units were 
used for each treatment. The rhizomes were treated in the field on Septem- 
ber 14 and planted immediately after being taken from the solutions. 

One hundred rhizomes were treated together, then separated into lots of 
five, and planted in 20 dilferent blocks. The eight treatments were ran- 
domized within each block. Thus there were 20 replications for each treat- 
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ment. Pinal records of the niimber of living plants free from visible signs 
of Botrytis infection, the number of plants dead or missing from causes not 
attributable to Botrytis directly, and the number of plants visibly infected 
or killed by were made May 21, 1940. 

To test the elfectiveness of the various treatments an analysis of variance 
(Table 5) was made for the number of living plants in the spring of 1940 
free from visible signs of Botrytis infection. In the check plots 14 per cent 
of the plants were infected with Botrytis convoluta and 5 per cent were 
killed by miscellaneous causes. Thus the rhizomes carried a relatively low 
amount of infection. Prom a comparison of the mean number of healthy 
plants per plot all of the treated plots produced a stand significantly better 
than the check and the individual treatments can be rated for effectiveness 
in the order of their means. Gum arabie decreased the effectiveness of both 
the calomel and the yellow oxide of mercury. The calomel and mercuric 
chloride treatment was statistically superior to the calomel alone but the one 
per cent increase in stand would scarcely be of practical significance. In 
this same variety, with rhizomes carrying the same amount of infection 
there were no significant differences between the mercury treatments in the 
1937 experiment when only 20 rhizomes were used for each treatment. 

DISCUSSION 

Along with the experiments on treating rhizomes to control Botrytis 
crown rot other studies were undertaken to learn more of the nature of the 
disease, its development from year to year under known field conditions and 
its destructiveness over a period of years. Under the climatic conditions 
which prevail in Minnesota Botrytis crown rot is primarily a disease of the 
dormant plants. The fungus itself, in relation to the iris plant, appears 
to be dormant or inactive during the summer. In September or October, 
in some years, depending upon weather conditions, it may be found sporu- 
lating inconspicuously at the base of the outer leaves or old flower stalks. 
In other years there are no signs of the disease in fall. Sclerotia too have 
been found forming in October on the cut surfaces of newly divided rhi- 
zomes. In general, however, at the time the iris are covered with the usual 
straw mulch in October or November, or when the natural snow covering 
falls, the plants appear in excellent condition. At the time the covering 
is removed in March or April many plants may be rotted and quantities 
of sclerotia and conidia found on the plants. 

The period of maximum activity of the fungus varies greatly from year 
to year depending apparently on weather conditions. In some years prac- 
tically all the damage is done under the straw or snow covering. If the 
weather is warm and dry in April so that the iris start growing rapidly, no 
further damage is done. If, on the other hand, it is cool for several weeks, 
or months even, the rot will continue to develop and selerotia and conidia 
will be formed in great abundance. Thus under Minnesota conditions the 
activity of the fungus in the plant may cease suddenly in March or it may 
continue into June. 
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It is only during tliis period in spring that the disease is easily detected 
in an iris planting. Yet it is mostly overlooked, because the plants which 
fail to develop are considered by the average grower to have been lost 
through winter injury. The mass of conidia at the base of the plant is such 
a neutral grayish brown that it is difficult to distinguish from the surround- 
ing soil. Then, too, most of the evidence of the disease is removed with the 
covering or in cleaning away the dead leaves. When iris are divided in late 
summer there are no easily detected signs of the disease, so that the neces- 
sity of treatment at this stage is not recognized. The fact that the causal 
agent is carried on rhizomes which show no signs of infection and even on 
rhizomes which come from plants showing no signs of infection in spring 
is of importance to the individual purchaser of iris and to the nursery 
grower. 

The severity of the disease varies greatly from year to year even in the 
same planting. A high percentage of loss one year may be followed the 
next with only a trace of the disease in the same field. However, in every 
planting in which the disease has been found, it has persisted from year to 
year unless special measures were taken to eliminate it. The apparent 
absence of the disease for a year or two, or even for several years, gives the 
impression that the disease is not serious and tends to disappear of itself 
and also leads the grower to minimize the need of control measures when 
they will be most effective. 

The ineffectiveness of the rhizome treatments in infested soil makes 
evident the necessity of an adequate system of crop rotation combined with 
effective rhizome treatments. That these measures have given practical 
results has been demonstrated by nursery growers. One grower who has 
very carefully cleaned up his stock has obtained circumstantial evidence that 
the disease is more widespread in the United States than survey reports 
would lead one to believe, since rhizomes received from points extending 
to the east coast, the west coast and as far south as Tennessee have developed 
the disease when planted in his nursery without rhizome treatment while his 
own stock remained free from the disease. He now has made it a regular 
practice to treat all stock brought into his nursery from the outside. 

Rhizome treatment has proved to be a more complex problem than simply 
finding a satisfactory fungicide and brings up a number of questions which 
need more careful attention. There seems to be a marked difference in the 
frequency with which rhizomes of some varieties carry the infection, al- 
though on individual plants the disease seems to be just as destructive in 
one variety as in another. Is this an indication of a type of resistance and 
how and where is the fungus carried on the rhizomes? Is rhizome treat- 
ment more necessary for some varieties than for others! Also, different 
varieties respond differently to the same treatments. The marked failure 
of the variety Miss Maggie to respond to the 30-minute Semesan and the acid 
mercury treatments in the 1937 experiments brings out the necessity for the 
study of the behavior of fungicides in relation to specific varieties. The 
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relationsliips between various types of winter covering and tlie development 
of Botrytis crown rot as well as the protection these coverings provide the 
treated rhizomes need further study. The four most destructive occurrences 
of the disease that have been observed were all in areas w^hich had been 
covered with several feet of snow during the winter, 

While the mercury treatments in general gave good results, the wholly 
unsatisfactory tests with copper sulphate by no means eliminate the possible 
effectiveness of other copper preparations. Systematic experimentation 
with formaldehyde solutions might lead to adequate procedures, although 
the nicety of balance between the strength of solution, the length of treat- 
ment and the variety of iris treated will evidently be finer than with the 
mercuries. In addition to the results of the experiments recorded, the ex- 
perience in one nursery in the first years of the study seems to indicate that 
formaldehyde even in dilutions too weak to be effective burned the foliage 
of some of the varieties to such an extent that the plants did not become 
established before cold weather set in. The possibilities of many other 
compounds are not to be overlooked. 

The general conclusions to be drawn from this study are that Botrytis 
convohita has high potentialities as a destructive agent in iris plantings. 
Because the greatest damage is done during the dormant period of the host 
and the signs of the disease are inconspicuous, it is usually overlooked and 
the injury is dismissed as winter killing. Even though the plants are 
apparently unaffected during the growing season and there are no signs 
of decay on the rhizomes at transplanting time, rhizomes from an infested 
planting nevertheless carry the infection which, however, does not make 
itself manifest until the following spring. With the extensive interchange 
of rhizomes that takes place the implication is that the disease must occur 
practically wherever iris are grown. The disease may cause greater damage 
in some regions than in others but wherever many iris are lost by so-called 
winter killing a more careful study should be made to determine how much 
of this is really due to Botrytis convoluta and how much can be eliminated 
by rhizome treatment. 

SUMMARY 

During four years 5330 iris rhizomes belonging to 14 varieties were 
treated in various ways to determine to what extent Botrytis convoluta is 
carried on the rhizomes and whether the fungus can be eliminated by rhi- 
zome treatment. 

Without any outward signs of disease, rhizomes from an infested plant- 
ing carry the pathogen to a varying degree depending upon the season and 
apparently upon the variety. 

With rhizomes from a heavily infested planting, no significant differ- 
ences were found in the number of rhizomes carrying the infection, whether 
from plants bearing conidia, sclerotia or typical rot in the spring or froilx 
plants with no such signs of the disease. 
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Tlie disease is easily overlooked and the loss of plants attributed to 
winter injury. 

In one year ’s test the disease was much less severe under a straw cover- 
ing than without a covering. 

Rhizome treatments at transplanting time effectively eliminated the 
disease if the rhizomes were planted in clean soil. 

Various mercury treatments, calomel, Semesan, yellow oxide, mercuric 
chloride, acid mercury, were all effective. 

Some of the formalin treatments were as effective as the acid mercury 
but further trials are needed before a satisfactory combination of strength 
of solution and period of immersion can be worked out for all varieties. 

Copper sulphate and sulphur in the combinations used were wholly 
unsatisfactory. 

All treatments tested were ineffective in heavily infested soil, although 
a calomel suspension stabilized with gum arable gave some promise of 
effectiveness. 

Varieties responded differently to the same treatments. 

Minnesota Agricultural Experiment Station, 

University Farm, St. Paul, Minnesota. 
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LIMA BEAN SEED TREATMENT ON LONG ISLAND^ 


H . S . 0 U K N I N G H A M 

(Accepted for publication April 27, 1944) 

INTRODUCTION 

Lima beans constitute one of tlie major crops grown on Long Island. 
The “Fordhook’’ is used exclusively in commercial plantings and for that 
reason the work reported in this paper was confined to that variety. 

Most of the Limas are grown on soil which is too light for profitable 
potato production, although a considerable acreage is also grown as a second 
crop following potatoes. Long Island soils are generally well drained and 
naturally acid in their reaction. It is rare to find a bean field with a soil 
reaction higher than pH 5.4 and more often it is well below this figure. 

Seed treatment in some form is commonly used with many vegetables as 
a means of protection against pathogens during the pre-emergence period. 
With some vegetables seed treatment can be relied upon to improve the 
stand and less seed per acre can be recommended when treatment is prac- 
ticed. Until recent years, however, seed treatment has not been recom- 
mended for Lima beans. 

Work done by Cunningham and Sharvelle (1) indicated that treating 
with certain organic materials, one of which later was marketed under the 
trade name of ‘^Spergon,’’ might prove effective in protecting Lima-bean 
seed under adverse conditions during the pre-emergence period. Later 
work by McNew (3) has shown that, under western New York conditions, 
seed treatment of Limas results in improved stands and increased yields. 
Eecently Leach and Holland (2) have reported that seed treatment greatly 
improves the stand of Lima beans under California conditions. 

^On Long Island, particularly with early plantings, poor stands of Lima 
beans are the rule rather than the exception. An effort was made to find 
some dependable seed protectant which could be recommended for use with 
this crop. 

METHODS 

All of the materials used in the experiments were in the form of dusts 
and were used at the rate of 1.5 ounces per bushel of seed, with the single 
exception of yellow Cuprocide which was used at half that dosage. 

Small plats were used in all tests made at the Kesearch Farm, River- 
head, L. I. The number of seeds per plat and the size of the plat varied in 
different seasons, depending upon the number of materials used and the 
amount of land available. In no case was fewer than 50 seeds planted in 
each plat. With the exception of the 1943 tests all seed was planted by 
hand with uniform spacing in the row. These small plat tests were used 

1 Journal Paper No. 589, New Yori: State Agricultural Experiment Station, Geneva, 
N. Y. , 
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as a basis for determiniiig the value of any given material as a seed pro- 
tectant for Lima beans. 

For three years this work was supplemented by machine-planted tests 
on farms of growers in Suffolk county, on the eastern end of Long Island. 
These tests were confined to such materials as showed some promise as a seed 
protectant and were available on the market for the use of growers. In 



Fig. 1. Maximum and minimum temperature during May, 1939-43 inclusive. 

1939 these tests were single-row plats, but in 1940-41 they consisted of half- 
acre contiguous plats in the same field. 

The value of the data was determined by the analysis of variance method. 
Because of the nonuniformity of size of plats and rate of seeding the stand 
data are given in per cent rather than actual stand. Yield data are ex- 
pressed in bushels per acre. In both cases the data represent the average 
of the number of replications used in the tests. Significant figures are 
marked with an asterisk. 


I 




■I 
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RESULTS AND DISCUSSION 

Any experimental work done under field conditions and covering a 
period of years will of necessity be carried on under varying climatic con- 
ditions. Seasonal conditions vary from year to year and planting dates 
are subject to local influences. For this reason it is necessary to consider 
climatic factors in this discussion and the data given indicate that there is a 
very definite relation between these factors and the results obtained from 
seed treatment of Lima beans. 

The amount of moisture present in the soil at planting time, which is in 
itself dependent upon rainfall, plays an important role in germination and 
emergence of Lima beans under Long Island conditions where shallow 
planting is the general practice. High winds are common and the soil dries 
rapidly. It is not uncommon to see a marked difference in the time of 
emergence in a portion of a field planted in the morning as compared with a 
portion of the same field planted in the afternoon, a difference which can 
only be accounted for by loss of soil moisture during the day. Low soil 
moisture at planting time delays germination and emergence. Rainfall im- 
mediately following planting, provided it is not too heavy, will offset this 
condition to some extent but the longer the time elapsing between planting 
and the first rainfall, the longer will be the pre-emergence period. 

The planting season on Long Island is from about May 1 to July 10 and 
at any time during this period the number of days necessary for emergence 
is largely dependent upon temperature and rainfall. During the first week 
in May the temperature (Pig. 1) is normally too low for quick emergence 
and a period of two weeks or more may elapse between the time of planting 
and the appearance of seedlings. Later in the season the temperature is 
usually sufficiently high for rapid germination and emergence. Low soil 
moisture at planting time, followed by inadequate rainfall, invariably 
lengthens the pre-emergence period regardless of temperature. The pre- 
emergence period will also be lengthened if the soil becomes packed because 
of too heavy rainfall. Observation over a period of years has shown that 
the ultimate stand of Lima beans is reduced by any delay in emergence and 
that both temperature and rainfall have a direct bearing on the results ob- 
tained from seed treatment. 

At the Research Farm, with the exception of the year 1939, no signifi- 
cant difference in stand was obtained from seed treatment in plantings 
made after June 1. In all of these late plantings the soil moisture was 
either ample at planting time or rain fell shortly after planting and the 
temperature was high. 

The year 1939 was one of the driest on record. At the time of the first 
two plantings soil moisture was low and subsequent rainfall was light 
(Pig. 2). Under these conditions both Spergon and Semesan Jr. signifi- 
cantly increased the stand. At the time of the last planting the soil mois- 
ture was at a somewhat higher level but the temperature was high and no 
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rain fell for eleven days after planting. All of the materials used wer^ 
eifective under these conditions and the increase in stand was highly sig- 
nificant (Table 1). 






yi/iy 


i ?¥0 


Pig. 2. Bainfall in inches for May, June, and July, 1939-43 inclusive: 

On farms of growers in 1939 the results were not so favorable for seed 
treatment (Table 2). These tests were in widely scattered localities and 
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lUidoiibtecUv the results were influenced by local variations in temperature 
and rainfall. Spergon improved the stand in three of eight plantings. 
Bed Cuprocide was beneficial in two cases and detrimental in two others. 
Yellow^ Cuprocide reduced the stand in six plantings and the figures are 
significant. 

In 1940 the first planting at the Eesearch Farm was in soil wdth a high 
moisture content and rain fell shortly after planting. Both Spergon and 
Semesan Jr. failed to give any significant difference in stand. At the time 
of the second planting on May 29 soil moisture was low and no rain fell for 
nearly tw^o weeks after planting. Under these conditions all of the mate- 
rials used significantly increased the stand. 

Tests made on farms of growers in 1940 were not too favorable for seed 
treatment. Spergon increased the stand in nine plantings and actually 
decreased it significantly in three of twenty-one tests. In the same number 
of tests Semesan Jr. increased the stand in four cases and decreased it in 
three. In most cases where the stand wms increased by seed treatment it 
occurred in the earliest plantings made in a locality. 

In 1941 the rainfall during April wms very light and on May 6, when the 
first planting wms made at the Eesearch Farm, the soil wms very dry. Eain 
fell two days later with the result that the stand from untreated seed was 
unusually good for so early a planting. The stand was significantly im- 
proved, however, where the seed was treated with Spergon and Semesan 
Jr. At the time the second planting was made soil-moisture conditions 
were more favorable for germination and Semesan Jr. was the only material 
used which improved stand. 

Tests with growers in 1941 were confined to the use of Spergon. All of 
these plantings were made prior to June 1 and seed treatment increased 
stands significantly in four of the earliest plantings. 

No improvement resulted from seed treatment in 1942. Low tempera- 
ture and high soil-moisture content resulted in a poor stand in the planting 
made on May 11. Seed treatment did not improve the stand and it was 
apparent that under such conditions none of the materials used gave suffi- 
cient protection to be of any value. 

Seed treatment with Spergon was of value in increasing the stand in the 
first planting made in 1943. There was ample soil moisture at planting time 
and the temperature was sufficiently high for good germination. 

Yield records were not taken on all seed treatment tests but where they 
were taken (Tables 1 and 2) the figures show that in very few cases was the 
yield influenced by differences in stand due to seed treatment. At the Ee- 
search Fai^m during the extremely dry season of 1939 the differences iii 
stand were sufficiently large to be reflected in increased yields. 

Special mention should here be made of the copper compounds used. 
Eed Cuprocide has some value as a seed protectant for Lima beans under 
certain conditions but unfortunately causes a hardening of the seed coat 
and stunting of the seedlings which more than offsets its value as a seed 
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protectant. This hardening and stunting effect is even more marked with 
both YelloAV Ciiprocide and copper oxychloride sulfate. 

SUMMARY AND CONCLUSIONS 

Seed4reatment experiments with Lima beans were carried on at the 
Long Island Vegetable Eesearch Farm for five years. For three years dur- 
ing this period extensive tests were conducted on farms of growers. Under 
conditions of low soil moisture and low rainfall following planting the stand 
was improved regardless of temperature. LTnder conditions of high soil 
moisture and low temperature none of the materials used gave sufficient pro- 
tection to be of commercial value. Except in an unusually dry season the 
increase in stand obtained by seed treatment was not sufficient to influence 
the yield. 

Treatment with copper compounds hardened the seed coat and stunted 
the plants. 

From the data presented it is concluded that on Long Island seed treat- 
ment of Lima beans has some value as a seed protectant and may be ex- 
pected to improve the stand under conditions of low soil moisture at planting 
time followed by a period of low rainfall. The stand in plantings made in 
early May, when the temperature is normally low, will usually be increased 
as a result of seed treatment, provided the rainfall is not too heavy during 
the pre-emergence period. 

In general, most of the materials used in these tests improved stand 
under conditions favorable to results from seed treatment although in some 
cases the number of tests was limited and the results in such cases can only 
be considered as indicative. Of the materials used, Spergon showed the 
most promise as a seed protectant for Lima beans. 

On the basis of these experiments seed treatment of Lima beans can 
not be recommended to Long Island growlers as a profitable practice. 

Agricultural Experiment Station, 

Geneva, New York. 
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EFFECT OP SEVEEAL SEED PEOTECTANTS ON GEEMINATION 
AND STANDS OP VAEIOUS POEAGE LEGUMES^ 

J. Lewis Allison and J. H. Torrie2 
(Accepted for publication May 10, 1944) 

During’ tlie last few years recommendations Pave been made for the 
general use of seed protectants. However, little experimental evidence has 
been presented to date with respect to the possible effect of protectants on 
seed germination and subsequent stands of small seeded forage legumes. 
Chilton and Garber® summarized the literature through 1940 and pre- 
sented data on the effect of seed treatment on stands of some forage legumes 
at State College, Pennsylvania. In greenhouse tests they obtained signifi- 
cant increases in stand with certain fungicides, using certain species of 
legumes. Other species did not respond to the various fungicides tried, and 
seeds of some species were injured. Kreitlow^ reported increases in stands 
of alfalfa and red clover in field tests in Pennsylvania when the seed 
had been treated with certain fungicides. This paper presents the results 
from experiments at Madison, Wisconsin, in the greenhouse and the field 
during 1942-43. 

MATERIALS AND METHODS 

Medicago sativa (eiilaltei), a (white-flowered sweet clover), 

Trifolium praiense (medium red clover), Trifolium n'dum (alsike 
clover), Trifolium fragiferum (strawberry clover) and Trifolium repens 
(ladino clover) were selected from the small-seeded legumes of commercial 
importance. The protectants tested were 5 per cent ethyl mercury phos- 
phate (New Improved Ceresan), tetrachloro-parabenzoquinone (Spergon), 
and 50 per cent tetra-methyl thiuramdisulfide (Arasan). These dusts rep- 
resent an organic mercuric and two organic, nonmercuric compounds. 

A standard germination test was made on the seeds of all species tested. 
A lO-gram sample of each species was weighed, treated by adding an excess 
of protectant, shaken well, screened and re-weighed. The weight dosage 
was the difference in weight of the untreated and treated lots expressed in 
percentage of untreated seed. One hundred seeds of each treated lot and 
one untreated check lot of each species were plated on nutrient agar imme- 
diately following treating and again after storage for 30 days in corked 
glass vials. 

1 Cooperative investigations of the Wisconsin Agrienltural Experiment Station and 

tile Division of Forage Crops and Diseases j Bureau of Plant Industry, Agricultural Be- 
search Administration, D. S. Dept, of Agriculture. Published with the approval of the 
Director of the Wisconsin Agricultural Experiment Station. ^ ^ 

2 Associate Pathologist, Division of Forage Crops and Diseases, and. Assistant Pro- 
fessor of Plant Pathology; and Assistant Professor of Agronomy, respectively. 

3 Chilton, S. J. P., and B. J. Garber. Effect of seed treatment on stands of some 

forage legumes. Jour. Amer. Soc. Agron. S3 : 75-83. 1941. 

4 Kreitlow, K. W. Investigations on seed treatment of forage grasses and legumes 

for control of damping'Off. D. S. Dept. Agr., Plant Disease Bptr. 27 : 111-112. 1943. 
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In the greenhouse two different types of soil were used. Compost of 
pH 7.1 known to be infested with TytMum, EMzoctonia spp., 

which cause damping-off of legume seedlings, and woods-humus of pH 6.4 
which was free of damping-off organisms. The design used was a split-plot 
with 3 replications. The replicates were divided into blocks of 4 rows each. 
A block consisted of the 3 treatments and an untreated check of each species. 
The treatments were randomized within replicates. The rows were 20 inches 
long and 2 inches apart. The seed was planted immediately following 
treating at a uniform depth of one-half inch at the rate of 50 seeds per row. 
The temperature ranged between 60° and 70° F. Water was applied as a 
fine spray often enough to keep the surface of the soil moist. 

A field experiment of the same design but on a larger scale was planted 
in early May, 1943, on land on which forage legumes had been in the rota- 
tion for many years. The rows, of 200 seeds, were 4 feet long and 6 inches 
apart. No attempt was made to alter environmental conditions. 

Plant emergence counts were made on alternate days until maximum 
emergence for each species was determined. Final stand counts were made 
after all post-emergence damping-off had ceased, usually six days after total 
emergence. Post-emergence damping-off is defined as the death of fully 
emerged seedlings prior to the formation of the first unif oliate leaf and pre- 
emergence damping-off as the death of germinating seedlings prior to emer- 
gence. All seedlings were removed from the soil and examined for nodule 
development 5 weeks after planting. 

EXPERIMENTAL RESULTS 

Ten-gram seed lots of each species retained an equivalent amount, ap- 
proximately one per cent by weight, of each of the three fungicides. 

No injurious effect on germination was apparent when the treated seed 
of any species was compared with untreated seed in the agar plate test. 
However, the germination of ladino and strawberry clovers was retarded 
but not reduced in total when treated with Spergon. The results were the 
same when this test was repeated after storing seed samples for 30 days. 

Table 1 summarizes the effects of the seed protectants on the total emer- 
gence and final stand of the legumes when grown in compost in the green- 
house. The differences in the values for total emergence and final stand 
give a measure of post-emergence damping-off. Table 2 summarizes the 
results obtained when the legumes were grown in woods-humus in the green- 
house. Table 3 summarizes the results of the field experiment. As there 
wms no post-emergence damping-off with any species in woods-humus or in 
the field, total emergence and final stand values are the same. 

The effects of the protectants were pronounced for all species in compost. 
All of the protectants resulted in significant increases in the total emergence 
of alfalfa and alsike clover. Only New Improved Geresan significantly 
increased the total emergence of sweet clover. The total emergence of red 
clover was significantly increased by New Improved Geresan and Arasan. 



802 


Phytopathology 


[VoL. 34 


TABLE 2. — Effects of three seed protectants on total emergence and final stand of 
six forage legumes grown in ivoodsdiumus in the greenhouse, at Madison, Wisconsin 




Total emergence and final stand, a 
plants^ 

number of 

Legumes 

Grermi- 

nation 

Check 

New 

Improved 

Ceresan 

Arasan 

Spergon 

Medicago satixa 

% 

75 

109 

112 

119 

108 

Melilotus alba 

60 

92 

113** 

120** 

104 

Trifolium pratense 

60 

92 

92 

86 

96 

Trifolium hyhridum 

60 

91 

78 

86 

77 

Trifolium fragiferum 

65 

99 

86 

87 

87c 

Trifolium repens (ladino) 

55 

82 

90 

100* 

97*c 


a One experiment, 3 replications. 

bM.S.D. 1% = 19; 5% = 14. Figures significant at the 1% level are marked with 
a double asterisk; those significant at the 5% level, with a single asterisk, 
c Emergence retarded. 

Spergon delayed emergence and significantly decreased the total emergence 
of strawberry and ladino clovers. None of the protectants had any effect in 
controlling post-emergence damping-off of any species. The effect of the 
fungicides on total emergence and final stand remained approximately the 
same for all species. 

The effects of the fungicides were not pronounced for all species in 
woods-humus. None of the protectants had any effect on alfalfa, red clover 
and alsike clover. New Improved Ceresan and Arasan significantly in- 
creased the total emergence and final stand of sweet clover. Spergon re- 
tarded emergence but did not significantly decrease the total emergence or 
final stand of strawberry clover. Arasan and Spergon significantly in- 
creased the total emergence and final stand of ladino clover, although use of 
Spergon resulted in retarded emergence. 


TABLE 3. — Effects of three seed protectants on total emergence and final stand of 
six forage legumes in a field experiment at Madison, Wisconsin 




Total emergence and final standa, 
plants 

, number of 

Legumes 

Germi- 

nation 

■ 

Check 

New 

Improved 

Ceresan 

Arasan 

Spergon 

Medicago sativa 

■ % , 

75 

354 

309 

325 

353 

Melilotus aXba 

60 

251 

219 

194 

224 

Trifolium pratense 

60 

195 

252 

254 

242 

Trifolium hyhridum 

60 

230 

231 

217 

241 

Tri folium fragiferum 

65 

293 

256 

238 

. 252b., , 

Trifolium repens (ladino) 

55 

318 

286 

259 

285b 


M.S.D. 1% = 85; 5% =64. 
a One experiment, 3 replications, 
b Emergence retarded. 
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In tlie field none of the fungicides had any statistically significant effect 
on the total emergence or final stand of any species. Spergon, howeyer, re- 
tarded the emergence of strawberry and ladino clovers. 

Five weeks after the date of planting, the seedlings of all species in each 
experiment were removed from the soil and examined for nodule formation. 
When compared with the untreated checks, nodule development was normal 
for all species regardless of treatment. 

DISCUSSION AND SUMMARY 

The effects of three seed protectants on germination and stands of six 
forage legumes were studied in laboratory, greenhouse, and field experi- 
ments. Approximately one per cent by weight of each fungicide adhered 
to the seed of each legume. This is a heavy dosage when compared with 
the recommended rates of application for cereal and vegetable crop seeds. 
However, laboratory tests demonstrated that none of the protectants had an 
apparent injurious effect on germination. One fungicide, Spergon, re- 
tarded but did not reduce the germination of strawberry and ladino clovers 
but had no such effect on alsike clover, medium red clover, alfalfa or white- 
flowered sweet clover. Ketardation was further accentuated when straw- 
berry and ladino clovers were planted in different types of soil. In humus 
soil in the greenhouse and in the field where total emergence and final stand 
remained the same because no post-emergence damping-off occurred, 
strawberry and ladino clovers were retarded in emergence but not reduced 
in total emergence. However, when planted in compost known to be in- 
fested with damping-off organisms, strawberry and ladino clovers were re- 
tarded in emergence and very significantly reduced in total emergence, 
indicating that the protectant so inhibited germination that necessary 
damping-off organisms had added opportunity to cause pre-emergence 
damping-off or rotting of the seedlings. 

In compost infested with damping-off organisms certain species were 
protected against pre-emergence damping-off by certain of the fungicides 
but none of them had any effect in controlling post-emergence damping-off 
with any species. 

In humus soil only white-flowered sweet clover and ladino clover were 
benefited by any of the fungicides, and as there was no damping-off the 
results are interpreted as being due to a stimulatory effect of the protectants 
on seed germination of the two species. 

In the field none of the fungicides was found to be significantly bene- 
ficial with any legume treated. 

From the results obtained in all experiments it was apparent that none 
of the fungicides used inhibited nodule formation. Studies are in progress 
on the effects of adding nodule bacteria to seed treated with fungicides. 

The relative value of seed treatment as a means of increasing germina- 
tion and bettering stands of the small seeded forage legumes can be deter- 
mined only by making many experiments in numerous localities. The ulti- 
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mate proof of the value of fungicides for these legumes would he the general 
adoption of seed treatment based upon sound experimental evidence. There 
would seem to be little evidence from these experiments to recommend such 
general adoption in Wisconsin. 

Departments op Plant Pathology and op Agronomy, 

University op Wisconsin, and 

Bureau op Plant Industry, Soils and Agricultural Engineering, 
United States Department op Agriculture, 

BeltsvilI/E, Maryland. 


CROP ROTATION AND SOIL DRAINAGE EFFECTS ON SUGAR 
BEET TIP ROT AND SUSCEPTIBILITY OP OTHER 
CROPS TO APHANOMYCES COCHLIOIDES^ 

W . F . B U C H H O L T Z ^ 

(Accepted for publication April 12, 1944) 

The pathogenicity of Aphanomyces cochlioides Drechsler to tap roots of 
sugar beets has been reported.^ The abundance of tip rot in some sugar 
beet fields and its scarcity or near absence in others in Hancock County, 
Iowa, in 1937, 1938, and 1939 led to an examination of the crop sequence 
records of such fields and to a determination of susceptibility to A. cochlioides 
of other crops grown in rotations with beets. The presence or absence of 
severe tip rot was also found to be associated with the locations of tile drains. 

CROPS RESISTANT TO APHANOMYCES COCHLIOIDES 

Crops commonly grown in rotation with sugar beets in northern Iowa are 
corn, oats, soybeans, alfalfa, and sweet clover. Seedlings of these crops, 
together with sugar beets, were exposed to A. cochlioides in the following 
manner. Soil in 36 glazed one-gallon crocks was steamed at 20 pounds’ 
pressure for one hour. Ten-day-old cultures of two isolates of A. cochlioides 
growing on corn-meal agar were cut into centimeter squares and uniformly 
distributed on a plane about two inches below the soil surface in 24 crocks, 
at the rate of one Petri dish culture per crock. Plain corn-meal agar was 
likewise placed in 12 crocks. Seeds of corn (7), oats (21), soybeans (14), 
and sugar beets (14 clusters) were distributed uniformly on a plane one-half 
inch deep. There were six crock cultures for each crop, two noninfested 
(corn-meal agar only) checks and four cultures infested with A. cochlioides, 
two by each of two isolates. Seedling stands were recorded 12 and 17 days 
after planting. Final stand, length and weight of tops and roots, and 
presence of lesions on the roots were recorded 27 days after planting. 

In the four infested crock cultures planted with sugar beets, only two 
seedlings remained after 27 days, and these were diseased. Aphanomyces 
cochlioides was isolated from four seedlings that damped off. In the two 
noninfested crock cultures, 32 and 23 healthy beet seedlings remained. The 
stands of the other five crops were uniformly good, and no variation in 
length or weight of tops and roots occurred. Numerous lesions were present 
on the roots of corn and soybeans grown in infested and in noninfested soils, 
but attempts to isolate A. cochlioides from these lesions failed. A repetition 
of this experiment yielded essentially the same results, 

1 Journal paper No. J-'1180 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 432. 

2 Plant Pathologist, South Dakota Agricultural Experiment Station, formerly re- 
search assistant, Botany and Plant Pathology Section, Iowa Agricultural Experiment 
Station. The author is indebted to Dr. I. E. Melhus for aid and suggestions during the 
course of investigations and preparation of the manuscript. 

3 Buchholtz, W. F., and 0. H. Meredith. Pathogenicity of Aphanomyces cochlioides 
on tap roots of the sugar beet. Phytop^th, 34 : 485-489. 1944. 
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TABLE 1 .* — Crop sequences of fields in northern Iowa tvUh different amounts of sugar heet tip rot in 1987 ^ 1938^ and 1989 


Eields 1. 


(Nor. Iowa Exp. Aissoc., Kanawlia) 


Field 3 (N. Christians^ Kanawha) 


Beets 

Small grain 
Beets 
Corn 
Barley 

Beets (poor cr( 

Corn 

Beets 


Beets 

Beets 

Corn 

Oats seeded to alfalfa 

Alfalfa 

Alfalfa 

Beets (normal crop) 

Corn 

Beets 


No beets iDrior to 1934 
►ats Beets 

If alf a Corn 

If alf a Beets 

Ifalfa Corn 

ieets Beets 


1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 


1934 

1935 

1936 

1937 

1938 


Tij) rot Crop failure because 
of tip rot 

Field 4 (M. Hill^ Clarion) 


Tip rot Crop failure because 
of tij) rot 


Field 5 (P. L. Bubeckj Clarion) 


Beets 

Corn 

Oats 

Sweet clover 

Corn 

Corn 

Oats 

Beets 


Beets 

Corn 

Oats 

Sweet clover 

Beets 

Corn 

Oats 

Beets 


Beets 

Corn 

Oats 

Alfalfa 

Alfalfa 

Alfalfa 

Alfalfa 

Beets 


Alfalfa 

Corn 

Corn 

Oats 

Beets 

Corn 

Beets 


1932 

1933 

1934 

1935 

1936 

1937 

1938 


No beets 

No beets 

Corn 

Beets 

Corn 

Corn 

Beets 


None 


TABLE 1 — (Continued) 


Fields 8, 9, 10 (N. E. Schroeder, Clarion) 


Fields 6j 7 (A. Christians, Kanawha) 


No beets prior to 1937 


Beets 

Oats 

Sweet clover 
Beets 
Corn 
Beets 


1933 

1934 

1935 

1936 

1937 

1938 


No beets 
No beets 
Beets 
Corn 
Oats 

Sweet clover, alsike, timothy 
Beets 


Pasture 

Corn 

Oats 

Beets 

Corn 

Oats 

Beets 


1932 

1933 

1934 

1935 

1936 

1937 

1938 


Sweet clover 
Beets 


Sweet clover 
Beets 


None 


Tip rot 70 pet* 10 pet. 

Field 11 (D. Waggoner, Kanawha) 

1933 Beets 

1934 Oats 

1935 Corn 

1936 Oats 

1937 Sweet clover 

1938 Beets 

Tip rot 95 pet. 

Field 13 (Nor. Iowa Exp. Assoc., Kanawha) 

1930 Beets (seedlings killed) 

1931 Corn 

1932 Beets (failure: tip rot) 

1933 Corn 

1934 Flax 


Field 12 (H. Christians, Kanawha) 
No beets prior to 1935 

1935 Beets 

1936 Corn 

1937 Oats 

1938 Sweet clover 

1939 Beets 

Tip rot None 
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Barley, red clover, flax, sugar beets, pigweed {Amaranilms retroflexus 
L.), and lamb’s quarters {Chenopodium album L.), the latter two close rela- 
tives of the sugar beet, were exposed to A. cochlioides in two experiments 
identical to the one described except that pots were used instead of crocks. 
Barley and red clover were not parasitized by A. cochlioides. In the first 
experiment flax germination apparently was interrupted by A. cochlioides, 
as the stand was less in infested soil than in noninfested soil ; but this differ- 
ence did not occur in the second trial. All seedlings of sugar beet, pigweed, 
and lamb ’s quarters grown in inf ested soil were infected, and A. cochlioides 
was isolated from one or more seedlings of each. All seedlings grown in 
noninfested soil were healthy. The susceptibility of pigweed and lamb’s 
quarters to A. cochlioides and their general distribution in northern Iowa 
may account for the presence of this organism in northern Iowa soils. In 
many experiments with steamed soil, there has been no evidence that A. 
cochlioides is seed-borne. 

OCCUERENCE OF TIP EOT IN FIELDS WITH KNOWN CROP SEQUENCES 

The crop sequences of two adjoining fields (1 and 2) on the Northern 
Iowa Experimental Association Farm at Kanawha that failed because of 
tip rot in 1937 and 1938 and the sequences of various commercial fields show- 
ing severe, slight, or no damage from tip rot in 1938 or 1939 are recorded in 
table 1. 

In the commercial fields large samples could not be removed for loss 
estimates. Usually two people visited the fields and agreed upon an esti- 
mate of the damage after examining a few beets from each field under 
observation. Although these estimates may not be accurate it can be said 
that clear-cut differences in the amount of tip rot existed and that they 
were in the direction of and in proportion to the estimates recorded. 

In fields 3, 4, and 5, the various portions with different crop sequences 
were distinguished by different amounts of tip rot (Fig. 1). Such differ- 
ences were apparent across the entire field and virtually to the row. 

The most striking case observed was field 3. Part B was a virtual failure 
because of tip rot. It was in beets for the third time in five years. The 
remainder of the field (A) was in beets for the first time and had been pre- 
ceded by alfalfa; it was an exceptionally good crop and free of tip rot. 
The two portions of this field are shown in figure 1. Field 4 was of special 
interest because it was in three parts. Part B was in beets the third time 
in eight years, with only two crops, corn and oats, intervening between the 
1936 and 1939 beet crops. This part of the field suffered a 50 per cent loss 
from tip rot. Parts A and C, without the 1936 beet crop, had no noticeable 
amount of tip rot. In field 5, part A had only one corn crop between beet 
crops and an estimated 60 per cent of tip rot; part B had two intervening 
corn crops, with an estimated 20 per cent of tip rot. 

The principal difference between fields 6 and 7 was the extra crop year 
(sweet clover, alsike, timothy) between sugar beet crops in field 7, with 





Fig. 1. A. Tip-rot-free portion of field 3, which was in beets for the first time and 
had previously been in alfalfa. B. Beet failure because of tip rot in another portion of 
field 3. This was the third crop of beets in five years, with two intervening crops of corn. 


Bitchholtz: Aphanomyces on Sugar Beet 


810 


Phytopathology 


[VoL. 34 


also iinicli less tip rot. Field 8 had three crops of sugar beets in six years, 
with only one intervening corn crop between the last two beet crops. The 
second (1936) beet crop, according to the owner, was a normal one. The 
third (1938) beet crop suffered an estimated 50 per cent loss from tip rot. 
Fields 9 and 10 on the same farm were producing their first beet crop and 
had no tip rot. Field 11 is recorded because it seems to be a glaring 
anomaly. There were four intervening crops between the 1933 and 1938 
beet crops, yet almost a complete loss from tip rot occurred. This field, 
however, was the only bad case of tip rot observed on other than Clarion 
or Webster soils; it was of the Fargo series. Field 12, in sharp contrast, 
had no tip rot, with only three crops (corn, oats, sweet clover) intervening 
between beet crops. 

In five other fields, two in 1938 and three in 1939, sugar beets were grow- 
ing on a piece of land for the first time. All five fields were free of tip rot. 

In three eases (Fields 3B, 4B, 8), sugar beets occurred on the land three 
times in eight years or less. In all three fields, the third crop was severely 
tip rotted. In three cases (Fields 3A, 40, 13), sugar beets followed three 
or four years of alfalfa ; in none of the three was tip rot found. In one of 
these (Field 13), at least one previous beet crop had been a failure because 
of tip rot. 

These general statements are ventured regarding the appearance of tip 
rot under various crop sequences : (1) Tip rot did not occur in the first crop 
of beets on a given piece of land. (2) The third crop of beets in 8 years or 
less (Fields 3B, 4B, 8) was severely tip rotted. (3) There was no indication 
of severe tip rot after alfalfa (Fields 3A, 4C, 13), even in one field where 
tip rot had at one time previously occurred (Field 13). 

It seems therefore that a four-year rotation should prove adequate for 
the most part to prevent severe losses from tip rot. In a field where tip rot 
is serious, however, an interval of six or more years may be necessary to 
^ ‘clean up^’ the land for the next beet crop, including perhaps a three- or 
four-year period devoted to alfalfa, as in field 13. 

TIP ROT IN RELATION TO TILE DRAINS 

An unusual distribution of tip rot in field 2, 1938, was determined to 
be coincident with the distribution of tile drains. Three areas, 45x 375, 
33x375 and 27 x375 ft, had, by actual count, a rather uniform 75 per cent 
stand of healthy beets on August 19. In 10-ft. borders around these areas 
the stand of healthy beets fell off sharply and by actual count was 27.3 
per cent. In the rest of the field, the stand of healthy beets was 10.3 per 
cent. Nearly all the loss of stand was the result of tip rot. 

When the presence of tile drains in the center of the relatively tip-rot- 
free areas was postulated, six holes were dug to determine the presence or 
absence of tiles. In four locations at the exact centers of the three relatively 
tip-rot-free areas, tiles were found at a depth of about 5 ft. Tiles were 
absent in two other locations, one beyond the widest tip-rot-free area and 
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[Z2 10,3% healthy stand ^ Tile present 

vm 2.73% healthy stand 0 Tile atoseni 

7S.07o healthy stand — Probable tile drain 

location 

Fig. 2. Locations of tile drains in field witli varions amonnts of tip rot. 

exactly in line with the tile drain already located, the other exactly between 
this tile and the tile located in the adjacent tip-rot-free area. 

The positions of the relatively tip-rot-free areas, the postulated locations 
of tile drains, and the points where tiles were or were not found are shown 
in figure 2. 

Moisture determinations in duplicate were made of soil samples taken 
from three depths directly over the two south tile drains, between these two, 
and north of the central line. The results are tabulated in table 2. 

The lower moistnre content over, as compared with the area between, the 
tiles is evident. The difference probably is not significant in itself, but these 
determinations were made when the soil, though not dry, was definitely not 
water-logged. The farm foreman, who attended to planting and cultivation 


TABLE 2 . — Moisture content of soil samples from three depths over and hetween 
tile drams, field 2, Kanawha, August, X938 


Percentage moisture 


Depth 

Over tile drains 

Between tile drains 

(inches) 

Middle 

South 

Average 

North of 
middle 

South of 
middle 

Average 


tile 

tile 


tile 

tile 

. 

0-6 

30.1 

28.9 

29.5 

31.8 

33.4 

32.6 

■ ",6~12 ■■■ 

28.1 

25.5 

1 

26.5 
i 25.2 

27.3 

25.3 

28.4 

26.0 

32.5 

27.4 

30.4 

26.7 
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of this field, observed that on several occasions in the spring the areas over 
the tile drains were dry enough to cultivate before the areas between tiles. 

In two other fields near Kanawha less than the field average of tip rot 
occurred in the areas that the farm operators indicated were over tile 
drains. The presence or absence of tiles was not determined by digging. 

In two greenhouse experiments, sugar beets were grown in steamed soil 
and in steamed soil infested with A. cochlioides, both subjected to limited 
irrigation from above in contrast to abundant irrigation from above and 
below. In neither experiment was there a difference in amount or degree 
of infection of the beets by A. cochlioides that could be attributed to the 
difference in irrigation. 

The association of tile drains with less tip rot in field 2 and perhaps two 
other fields was so clear-cut as to allay any doubts of its existence, but the 
relationship between tip rot severity and excessive soil moisture, although 
indicated, was not definitely established. 

SUMMAEY 

The roots of corn, oats, soybeans, alfalfa, sweet clover, barley, and red 
clover were not infected when grown in soil infested with Aphanomyces 
cochlioides. Germination of flax apparently was interrupted by A. cochlioides 
in one trial, but in the second experiment flax did not appear to be sus- 
ceptible. The roots of sugar beets, pigweed {Amaranthus retroflexus L.), 
and lamb’s quarters {Chenopodium album L.) were infected. The suscepti- 
bility of these two common weeds suggests the universal presence of A. 
cochlioides in northern Iowa soils. 

In fields with varying amounts of sugar beet tip rot the following obser- 
vations were made; (1) In no case did tip rot occur in the first crop of beets 
on a given field. (2) The third crop of beets in 8 years or less was severely 
tip-rotted. (3) There was no indication of severe sugar beet tip rot after 
alfalfa, even in one field where tip rot had at one time previously occurred. 

Intervals of three or four years between beet crops should adequately 
avoid severe losses from tip rot. However, an interval of six or more years, 
including three or four years of alfalfa, may be desirable for a field in which 
sugar beet tip rot has been severe. 

TUe drains were definitely associated with less than the field average 
of sugar beet tip rot at Kanawha in 1938. The relationship between tip rot 
severity and excessive soil moisture was indicated but not definitely 
established. 

Ageicultuiial Expekiment Station, 

Beookings, South Dakota. 


INFECTION PHENOMENA IN TOMATO-FEUIT ROT 
CAUSED BY PHYTOPHTHORA CAPSICP 

Austin 0. Simonds and W. A. Kbeutzer 
(Accepted for iiublieation April 25, 1944) 

Recent investigations on the tomato-fruit-rot disease in Colorado caused 
by PhytopMhora capsid Leonian have disclosed the advisability of using 
histological studies in current pathological research.^ Initial invasion, the 
development of the causal agent in host tissue, and subsequent sporulation 
of the organism have been studied histologically. Another phase to merit 
attention was the investigation of an observed difference between stylar- and 
stem-end tissues to infection. 

MATERIALS AND METHODS 

Green tomato fruits of the Landreth variety were inoculated by placing 
drops of water containing active swarmspores on the uninjured surfaces of 
the fruits. The swarmspore inoculum was prepared by the soil-inoculum 
technique.^ The inoculated fruits then were incubated in moist chambers 
at 25° C. for varying times. 

After incubation periods of 2 to 72 hours, small pieces for histological 
studies were cut from the areas where the swarmspores had been placed. 
These pieces were killed and fixed in formalin-acetic-alcohol and in several 
of the chrom-aeetic and ehrom-acetic-formalin solutions described by Sass.* 
The “Graf” I and “Graf” II formulae gave the best results and conse- 
quently were used most frequently. Tertiary butyl alcohol was the best 
dehydrating agent when used according to Johansen’s method® as modified 
by Sass.* Ethyl alcohol was usable, but dioxan was not satisfactory as a 
dehydrating agent. Sections 12 to 20 microns thick were best for these 
studies. Phloxine and fast green P. G. P. proved most satisfactory of the 
several staining combinations employed. 


Primary Invasion and Infection. Hyphae from germinated swarmspores 
penetrated the cuticle of inoculated fruits in a relatively short time. After 
a 2- to 3-hour incubation large numbers of the spores had produced appres- 
soria and the constricted invasion hyphae arising therefrom had extended 
into the cuticle (Pig. 1, B). Germinating spores frequently were scattered 
over the entire surface area covered by the drop of inoculum. In other in- 

1 Paper No. 184 of the Scientific Journal Series of the Colorado Agricultural Eirperi- 

ment Station. . , ^ 

2 Cooperative work conducted with Dr. L. B. Bryant, Section of Horticulture, Colorado 

Agricultural Experiment Station. , . « 

3Kreutzer, W. A., and L. B. Bryant. A method of producing an epijahytotic of 
tomato-fruit rot in the field. Phytopath. 34: 845-847. 1944, 

4 Sass, John E. Elements of botanical microtechnique. 222 pp. McGraw-Hill (New 
York). 1940. 

5 Johansen, D. A. Dehydration and infiltration. Science 82 : 253-254. 1935. 
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stances large clusters of spores were covering and adjacent to areas where 
epidermal hairs apparently had been broken off (Pig. 1, A) . In some cases 
the constricted invasion hyphae grew directly into the epidermal cells ; in 
other eases the penetrating hypha apparently encountered a more resistant 
structure in the cutinized wall and grew tangentially as far as the junction 
of t^vo epidermal cells. In the latter the hypha grew radially into the 


Fig. 1. Sections of tomato fruits (variety Landretli) showing invasion and fruiting 
of PJiy tophthord ca/psici Leonian. A. Swai’mspores collected around a broken hair base 
on a green fruit, 70 min. after inoculation. B. A gei'minated swarmspore showing appres- 
sorium with invasion hypha entering the cuticle, 2 hr. after inoculation. C. Hypha pene- 
trating cuticle (spore evidently removed in handling), 24 hr. after inoculation. D. Ac- 
wnmlated hyphae in epidermal and subepidermal cells causing rupture of the cuticle. 
Sng^^ fungal eruption areas. Y. The thick mycelial mass enclosing spo- 

protoplast of an epidermal cell (Fig. 1, C). This condition was more fre- 
quent in tomatoes which were beginning to turn pink. 

Following primary invasion, the outer tangential walls of the epidermal 
cells were distended by the accumulating underlying hyphae. Upon rup- 
ture of the epidermal cells and cuticle, hyphal masses emerged at points of 
rupture (Fig. 1, D). 
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Sporulation on Host Tissues. Both naturally and artificially infected 
fruits were examined in order to study the nature of reproduction and time 
required for probable sporangial formation on host tissues. Hyphal erup- 
tions were macroscopically evident as mycelial mats of varying sizes when 
fruits were inoculated and held in moist chambers at 25° C. for 72 hours. 
Only the early stages of sporangial formation were observed in vertical sec- 
tions through such areas. Fruits with the earliest indications of infection 
in the field had similar mycelial mats at the end of 48 or 72 hours when 
placed in moist chambers at 25° C. In many instances characteristic ma- 
ture and immature sporangia were clearly evident in the smaller external 
hyphal growths (Fig. 1, E). These structures were present in the larger 
mycelial mats but were embedded in the hyphal matrix and consequently 
were not clearly visible (Fig. 1, F). 

Infection Reactions in Stylar- and Stem-end Tissues. It had been ob- 
served in laboratory and field that infection of fruits occurred more readily 
through the stylar end than through the stem end. This difference in reac- 
tion to infection was more clearly evident in the laboratory trials because of 
superior controls. In general, infection occurred in 70 to 90 minutes at 
25° C. in 98 per cent of the trials when swarmspores were placed on the 
stylar end of the tomato. In many instances where swarmspores were 
placed on the stem end they failed to cause typical infection areas even after 
8 days incubation (Fig. 2, D and E). On the areas where the swarmspores 
had been placed were one to many small, sunken, rust-colored, arrested 
lesions without any evidence of typical watery breakdown. 

In one typical trial characteristic water-soaked fruit-rot areas were evi- 
dent 20 hours after inoculation as a result of all stylar-end inoculations, 
while there was no such breakdown from stem-end inoculations. Eust- 
eolored arrested lesions gradually became evident on the latter inoculated 
fruits, and after 6 days of incubation pieces for histological examinations 
were taken from the affected areas (Fig. 2, E). 

Except for a thicker cuticle on the epidermal cells of the stylar end, the 
cells of normal tissue from the two ends of the fruits were similar in struc- 
ture. However, the cells of the stem-end tissue contained numerous crystals 
(Fig. 2, A), while no such crystals were found in tissue from the stylar end 
(Fig. 2, C). There were three distinct crystal types as well as certain 
small, non-plastid, globular masses present in the stem-end sections. Many 
of the crystals were six-sided, prismatic in form, and apparently of either 
the monoclinic or hexagonal system. Other crystals appeared cubical in 
cross section; many of them were elongated (Fig. 2, A) and the remainder 
were raphide clusters. These crystal types did not always occur in the 
same proportions in all fruits ; sections from other tomatoes revealed a 
greater abundance of crystals of the raphide type. 

That the crystals or some other accompanying chemical substance may 
have had some effect on the fungus was indicated by the fact that the hyphae 
which penetrated the epidermis of the stem end did not spread through the 
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underlying tissue as was tbe case wlien the fungus entered the stylar end. 
In stained sections of the arrested lesion area was an accumulation of a gum- 
like, reddish-brown material in the epidermal and subepidermal cells (Pig. 
2, B). Often a complete breakdown of the subepidermal cells occurred in 
this area. Apparently the hyphal development was stopped and the char- 
acteristic watery breakdown did not result (Pig. 2, D and E). 


Fig. 2. Infection reactions of stylar- and stem-end tissues of tomato fruits. A. Sec- 
tion from, stem end of Landreth tomato fruit showing presence of crystals. B. Arrested 
invasion in stem-end section 6 days after inoculation. Note crystals in the tissue. C. 
Stylar-end section showing the absence of crystals. A germinated spore is on the cuticle. 
B. Arrested stem-end and active stylar-end lesions in the Nebraska 642 tomato 2 days 
after inoculation. The variety Landreth showed the same type of reaction. E. Same 
fruits as in D, 8 days after inoculation. 

Dufrenoy® observed, in cells of plants other than tomato, tannin and 
phenolic compounds arising as a result of the stimulus of invasion by a 
given pathogen. Since the bodies herein reported apparently were present 
in stem-end tissues of tomato fruits prior to inoculation and did not develop 
as a result of fungus attack, it is questionable whether they are of the san^e 
general type as those mentioned by Dufrenoy. The writers do not wish to 
sDufrenoy, J. Cellular immunity. Amer. Jour. Bot. 23: YO-TO. 1936. 





SiMONDS AND KrEUTZER: PhYTOPHTHORA ON TomATO 


imply that the presence of these bodies in the cells of the stem-end tissues 
of the tomato fruits studied was directly responsible for the apparent resis- 
tance to infection. A correlation, however, existed between the presence 
or absence of these structures and the resistance or susceptibility of the 
fruit tissues tested. 

Colorado Agricultural Experiment Station, 

Port Collins, Colorado. 



HISTO-PATHOLOGIC CHANGES IN THE PHLOEM OP AMERICAN 
ELM AFFECTED WITH THE VIRUS CAUSING 
PHLOEM NECROSIS 

D. M. McLean 
(A ccepted for publication April 27, 1944) 

INTRODUCTION 

Phloem necrosis of elm was identified as a virus disease by Swingle (14) 
in 1938. A characteristic symptom of the disease is a yellow to brown dis- 
coloration, sometimes containing* small brown to black flecks, which develops 
in the phloem or inner bark. In large trees, the discoloration is usually 
observed only in large roots and in the lower trunk. In small trees, it may 
occur also in the upper stem and branches. The moderately discolored 
tissue has a faint odor of wintergreen which cannot be detected in corre- 
sponding tissue of healthy elms. The phloem discoloration accompanied by 
the wintergreen odor are the only distinguishing symptoms of the disease. 

As stated by Swingle (15) and as observed in inoculated 2- and 3-year-old 
trees cultured in soil and in a ‘ ‘complete” aqueous culture solution, the small 
fibrous roots die first. Necrosis progresses from the fibrous roots into larger 
roots and finally, the inner phloem in the lower portion of the stem may be 
killed. After the initial appearance of root symptoms, such trees usually 
die in two to six months. No cases of recovery have been observed. Older 
trees, after inoculation, may be infected for six months to one or more years 
before disease symptoms become apparent. Nothing is known of the dura- 
tion of the “incubation period” in naturally infected trees. 

The virus is readily transmitted by grafting diseased bark tissue to roots, 
trunk, or branches of healthy suceptible elms. Other attempts to transmit 
the virus by various mechanical and manual methods have failed. A natu- 
ral vector of the virus has not been discovered. 

Certain histo-pathological changes occur in the cells of diseased phloem 
tissue. This paper describes these microscopic, pathological changes in rela- 
tion to the progress of the phloem necrosis from the initial infection. 

BBVIEV7 OP LITERATURE 

Esau (6) summarized the anatomical changes associated with virus inf ec- 
tions. Viruses may cause death of cells (necrosis), or an increase in size and 
number of cells (hypertrophy and hyperplasia), or an inhibition of growth 
and differentiation (hypoplasia) . Two or three of these types of reactions 
may occur in combination. The most extensive literature on phloem de- 
generation pertains to the leaf-roll disease of potato reviewed by Quanjer 
(12) and the effects of the curly-top virus in sugar-beets and tobacco sum- 
marized by Esau (3, 4, 5, 7). 

Phloem necrosis has been reported in the stripe disease of corn by Cook 
(1) and in the leaf-curl of raspberry by Rankin and Hockey (13). Hartzel 
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McLean: Phloem Necrosis op Elm 


STRUCTURE AND DEVELOPMENT OP ROOT TIPS OP DISEASED PLANTS 

The general pattern of the meristematie apices of roots from diseased 
plants does not deviate discernibly from that of healthy roots. The arrange- 
ment of cells in the cortex and stele, and the zones of maturation in the 
latter, are likewise unaltered in the diseased roots. Protophloem sieve tubes 
are the first vascular elements that mature in the roots. In phloem tissue 
developing after infection, degeneration seems to follow the maturation of 
the primary sieve tubes. Cells immediately adjacent to these sieve tubes 
may undergo degeneration (Pig. 1, A and B). Usually, hypertrophy of the 
nuclei and cells surrounding the mature sieve tubes is the most conspicuous 
microscopic symptom in the primary tissues. Hypertrophied nuclei and 
enlarged cells are sometimes observed in the pericycle of the primary tissues. 
Hyperplastic cell divisions in the procambium usually follow or accompany 
the primary degenerative changes and continue after secondary growth 
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Fig. 1. Transverse sections of a root tip from a diseased American elm. The stele 
and part of the cortex are evident. A. Protophloem sieve tubes and hypertrophied cells 
adjacent to a mature sieve tube. About 700 microns from apex (x 320).* B. About 1200 
microns from apex (x395). 
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begins. This symptom is conspieiions in the phloem tissue of the root or 
lower stem of diseased plants where the typical discoloration is apparent 
prior to the death of the tree (Figs. 2 and 3). Certain cells of the proto- 
phloem may undergo necrosis. Before vacuolation of cells in the regions 
of the primary phloem mother cells, certain of the isodiametric cells stain 
very darkly. These cells appear to be immature sieve-tube cells. In older 
roots, some of the sieve- tube cells undergo degeneration, which may indicate 
that the sieve tubes are primarily concerned in virus transport as well as being 
the seat of necrosis. These necrotic cells are usually compressed by adjacent 
parenchymatous cells. 


STRUCTURE OP SECONDARY TISSUES IN HEALTHY AND DISEASED ROOTS 

Secondary thickening of the root results from cambial activity which 
occurs in the zone of fundamental parenchyma lying between the central 
metaxylem vessels and the primary phloem. Secondary xylem consists of 
large vessels, smaller conductive cells, fibers and parenchyma. The paren- 
chyma appears as rays that are from one to several cells in width, the cells 
being radially elongated. The large vessels form in radial rows typical of 
spring and summer growth, but become somewhat irregular in arrangement 
in the older annual rings owing to the increase in their size. The typical 
diarch protoxylem retained its identity in the center of the woody cylinder 
in roots up to 3 years old in the preparations studied. 

Outside of the cambial zone, the secondary phloem has a layered appear- 
ance which results from the differentiation of zones of small, thick-walled 
fibers, that alternate with regions of parenchyma, sieve tubes and companion 
cells. The sieve tubes lose their identity in the outer phloem and only the 
fibers and parenchyma cells are conspicuous. Parenchymatous ray cells in 
the phloem are continuous with the xylem rays. The ray cells are apparently 
of cambial origin. As the root increases in size, the cortical cells and epi- 
dermal cells are stretched and ultimately disintegrate. Distortion of the 
cortical tissue im diseased material due to the virus infection has not been 
observed. During the secondary phases of growth, the perieycle remains 
active and a phellogen develops from it. The bark tissue of older roots, 
following the normal disintegration of the cortical tissue, consists of phloem 
tissue derived from the primary cambium with an outer corky periderm. 

The same developmental pattern is eharaeteristie in the diseased as in 
the healthy root. Xylem of diseased plants does not differ from that of 
healthy plants. After infection, the recently developed phloem next to the 
cambium zone has no regularity in cell differentiation (Pig. 2, A). De- 
generative changes are more noticeable in the tissue developed subsequent 
to infection. 

The most striking characteristic of older diseased phloem tissue of both 
root and stem under microscopic observation is the almost complete destruc- 
tion of sieve-tube cells, with a marked increase in number and size of the 
parenchyma cells. Some cells divide in any plane, others enlarge without 
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Fig. 2. A. Phloem and part of the xylem as seen in transverse sections of a disepe( 
3-year 'Old American elm root (xll7). B. Necrosis, hypertrophy and hyperplasia in ; 
transverse section of diseased phloem tissue from stem (x 435). 
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dividing, and tlieir contents disintegrate. In later stages, certain cells 
collapse, resulting in the formation of cavities which are filled with degener- 
ate cell material and a yellowish, dark-staining, granular substance (Pigs. 

2 and 3). 

Occasionally, the yellowish substance becomes concentrated immediately 
adjacent to the cell walls, resulting in irregular thickenings. Usually, it is 
dispersed throughout the lumina of certain phloem cells and dissolves out 
in fixation. Preliminary microchemical studies indicated that this material 
has certain properties of suberin. It seems to be anisotropic and stains 
yellowish-red with Sudan III. 

Sieve tubes are difficult to locate in prepared sections of the hyperplastic 
tissue. In transverse sections, they are of about the same size as unaltered 
parenchyma cells, have transverse sieve plates, and are usually surrounded 
by abundant thin- walled parenchyma. The lateral "walls of sieve-tube cells, 
which abut upon other sieve tubes in the secondary phloem, are frequently 
covered wuth pronounced lattices. The affected cells are crushed following 
enlargement and excessive divisions of the surrounding cells. The degener- 
ated cells are destroyed and the yellowish, dark staining material may run 
between adjacent parenchyma cells and fuse with that of other degenerated 
cells (Figs. 2 and 3). 

STRUCTURE OP SECONDARY TISSUE IN HEALTHY AND DISEASED STEMS 

The structure of the woody cylinder of the stem has essentially the same 
pattern as the woody cylinder of the root. The xylem of the stem is ring 
porous and is transversed by numerous parenchymatous rays which have a 
common union surrounding the centrally located pifh. Growth rings can be 
distinguished in the xylem owing to somewhat sihalfer and more compactly 
arranged vessels at the outer limit of each ring, jThe xylem tissues in dis- 
eased plants do not differ from comparable tissues m. healthy plants. 

Secondary phloem consists of sieve tubes, companion cells, fibers, and 
parenchyma. It has a banded appearance, much the same as the older 
phloem tissue of the roots, owing to the differentiation of tangential bands of 
fibers which form the outermost portion of each growth zone. The inter- 
vening bands of sieve tubes, companion cells and parenchyma may become 
crushed in the natural growth processes and increase in diameter of the stem. 
A phellogen layer, from which a periderm develops, differentiates in the 
cortex beneath the epidermis. During successive growth periods, the phello- 
gen differentiates deeper in the cortex and finally in older stems the cortex 
is sloughed off and the bark consists entirely of phloem tissue with a corky 
periderm and has much the same structure as the bark of older roots. As in 
the roots, sieve tubes are difficult to distinguish in the older phloem tissue 
of stems. , 

The structure of diseased phloem in the stem is similar to that in diseased 
roots, except that hyperplasia seems to be more noticeable (Pigs. 2, B, 
and 3). This may be explained from the fact that roots die first, while the 
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degeneration in the phloem of the stem may he carried over a longer period 
of time. 

In fresh sections of bark tissue cut from a diseased tree, the yellow to 
brown discoloration, associated with a faint wintergreen odor, distinctly 
marks the boundary of the current phloem development. Observed macro- 
scopically, it does not appear to extend into the older phloem tissue, and has 
never been observed in the xylem. Occasionally a yellow to brown dark- 
staining amorphous material is present in diseased cells. This material may 
be finely granular or consist of irregular globular masses. It is not known 
What relation this material has to the presence of virus in the discolored 
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logic changes. Likewise, microscopic preparations of leaf sections taken 
from infected trees had no observable pathologic changes. 

The discoloration seems to be due to a substance which becomes concen- 
trated during phloem necrosis in the roots and it progresses into adjacent 
phloem tissue preceding degeneration and necrosis, or is formed coordinately 
with the destruction of tissues. It is not known whether this material is a 
product of the disturbed physiological processes of the diseased cells, whether 
it is material from the degenerated necrotic cells, or whether it might be 
associated with the virus entity itself. In severely discolored tissue, it 
closely resembles wound gum. 

It is difficult to account for the wintergreen odor associated with diseased 
tissue, but it is apparently associated with the virus infection since the odor 
cannot be detected in healthy elms. 

SUMMARY 

Phloem necrosis is a virus disease of elm. The virus is readily trans- 
mitted by grafting diseased bark tissue to healthy suscepts. A natural vector 
has not been discovered. 

Following infection, the fibrous roots die first. Necrosis progresses from 
the fibrous roots into the larger roots and finally, after death of the roots, 
the inner phloem in the lower portion of the stem may be killed. 

Microscopic pathological changes in the primary phloem tissue of the 
root include hypertrophied cells and nuclei in the vicinity of mature sieve 
tubes, followed by hyperplasia and finally crushing of the sieve-tube cells 
and companion cells in the older tissues. Hyperplasia and hypertrophy of 
parenchyma are the most striking microscopic symptoms in the phloem of 
older roots and stem. 

A yellow to brown discoloration of the phloem tissue accompanies the 
death of the roots and usually progresses into the stem and lower branches 
before the tree dies. Associated with the discoloration is a faint odor of 
wintergreen in freshly cut tissues, which is not detectable in comparable 
healthy tissues. • ■ 

Department OP Botany, . 

The Ohio State University, 

Columbus, Ohio. 
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HOST-PARASITE RELATIONS IN RED ROT OF SUGAR CANE 

C. W. Edge ETON and Eernando Caevajal 
(Accepted for publication April 30, 1944) 

Information on how a fungus grows through the tissues of its host, how 
it penetrates the epidermal layers, how it again breaks out to the surface to 
produce its spores, and how the host reacts to the advancing mycelium is 
necessary to understand the disease which it causes. Cell walls, some of 
which are of considerable thickness, are penetrated and the protoplasm and 
other cell contents are changed to a greater or less extent as the fungus 
absorbs the nutrients essential for its own growth. 

In recent years, botanists have shown considerable interest as to how cell- 
wall penetration takes place and there have been various theories to explain 
it. The usual explanations have been either that the fungus produces an 
enzyme which dissolves the cellulose in advance of the invasion thread or 
that the fungus actually exerts enough pressure to force the hypha through 
the cellulose wall. In the more recent literature the latter theory is perhaps 
the more generally accepted. 

The reaction of the protoplasm to the advancing mycelium involves many 
complex biological and chemical problems. This concerns the qiiestions of 
resistance and susceptibility and must in the future receive more consider- 
ation than it has in the past. 

For many years while studying the red rot of sugar cane caused by the 
fungus Colleiotrichum falcatum, now known as Pkysalospora tucumanensiSj 
numerous sections of diseased sugar-cane tissues have been examined and it 
has been possible to observe the cell- wall penetration by the mycelium and 
to watch the changes in the protoplasm^ While it is not possible to present 
definite evidence to support either of the theories of cell-wall penetration, 
or to explain the protoplasmic changes observed, much information has been 
obtained on what actually occurs. ‘ . 

Sugar cane is an extremely useful and valuable plant for studying host- 
parasite relationships. The plant is large and the elements in the stem and 
leaf are unusually well separated. The parenchyma cells in which the 
sucrose is stored are large and the cell walls are firm, relatively^thiek, and 
have numerous pits which are large enough to be plainly seen in ordinary 
freehand sections. Furthermore, sugar cane is propagated vegetatively. It 
has long been recognized that this type of propagation accounts to a very 
large extent for the severe and very devastating disease epiphytotics which 
have occurred on sugar cane in the past in various parts of the world. All 
plants of a variety, being identical from a genetic standpoint, are equally 
susceptible to any new parasite or any new parasitic strain of an organism 
when conditions are favorable for the plants to be attacked. The occurrence 
of such an organism and such conditions have in the past meant crop failures. 
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Such a plant, however, is ideal for various physiological, histological, and 
pathological studies. 

reaction op sugar-cane tissues to red rot 

The tissues of the sugar-cane plant react variously to the presence of the 
red-rot fungus. Mycelium from spores germinating in the duets of the 
fibrovascular bundles or from other centers of infection grows out very 
rapidly through a number of layers of cells. While a certain amount of 
variation occurs in the growth of this mycelium, the invaded cells ordinarily 
do not immediately become filled with mycelium, as the mycelial threads 
after entering a cell usually branch but little and very commonly grow 
directly across the cell to the opposite wall and into the adjoining cell. 

Eventually, however, there is a reaction or a change of some kind in the 
host cells in advance of the invading mycelium. The protoplasm changes in 
color and a gummy dark red material oozes out of the cells and fills the inter- 
cellular spaces (Pig. 1, C, D). It is not clear whether these modifications 
are merely due to the disintegrating protoplasm or not. This zone in ad- 
vance of the mycelium in which the changes occur turns red, because of the 
presence of a soluble dye which is absorbed by the cell walls (Fig. 1, B). 
Under some conditions, especially in standing cane, the fibrovascular bundles 
may become red several inches from the center of infection. The growth of 
the advancing mycelium is stopped or at least checked temporarily by this 
red zone. Whether this is due to the presence of some counteracting toxic 
substance, to the plugging of the pits in the cell walls by the gummy mate- 
rial, or for some other reason is not clear. 

When this zone develops there is then present the typical or character- 
istic lesion of red rot, a white or straw-colored spot with mycelium sur- 
rounded by a distinct red border with little or no mycelium. How large this 
lesion becomes depends largely on the natural resistance of the variety and 
the condition of the stalk (Pig. 1, A). The natural resistance of a variety 
seems to depend on how rapidly the counteracting changes occur, or, in 
other words, how soon the red zone around the infected area develops. In 
standing cane of resistant varieties, the lesions may remain very small, while 
in susceptible varieties they may extend entirely across the stalk. The re- 
action of the cane tissues, especially in resistant varieties, may be so rapid 
that the first invaded cells take on the red color. When this happens the 
lesion remains very small and often the reaction is so great that the invading 
mycelium is killed before it has a chance to spread materially. 

The intensity of the reaction of the cane tissues is also influenced by 
factors which affect the functioning of the cells. In stalks which are not 
functioning normally, as for example stalks which have been cut and placed 
in a moist place, the response of the host cells to the invading mycelium is 
not so pronounced and often even in resistant varieties the growth of the 
mycelium is not greatly restricted. The interior of such stalks may be 
mottled but the red zones are rather indefinite and even the fibrovascular 
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bundles often fail to absorb any red dye. In cut stalks -which have been 
placed in a -warm situation and especially if allo-wed to dry to a .certain 
extent, there is very little if any response of the host cells to the fungus. 
The whole interior of such stalks becomes permeated with mycelium and 
areas of various sizes become black in color. In these areas the fungus gi-ows 


Fig. 1. Lesions of red rot in interior of cane stalk. A. Lesions as they appear in 
split stalks: on left, a resistant variety, Co. 281; on right, a very susceptible discarded 
seedling. B. Cross section of stalk through a lesion, red zone above and to the left. 
0. Early stage of red zone showing droplets of gummy material oozing out into the inter- 
cellular spaces. |D. Later stage showing intercellular spaces filled with gummy material. 

unrestricted, as it does in culture media, and the cells become filled with large 
hyphae which are brown in color. 

The mycelium of Coiletotrichum falcatum^ then, in tissues of sugar cane 
varies from the relatively small and scattered hyaline threads in the newly 
infected regions to the network of thick, brown threads found in the old 




iiG. 2. A. Myeelmm passing through pit in an old stalk lesion, variety C.P. 34/79. 

B. Cross section of red lesion on upper surface of midrib below appressoria, 17 days after 
inoculation, variety C.P. 34/120. C. Appressoria on inner surface of leaf sheath, variety 

C. P, 34/m 

sides of the cell wall where it passes through a pit is not pronounced. On 
the other hand, the old, brown hyphae within the cells in the black lesions 
are much thicker than the small segments passing through the pits. Fre- 
quently with such the hyphal thread is swollen on each side of the cross wall 
(Fig. 2, A). Whether this swelling takes place before the penetration of 
the pit has not been determined. There is, however, no evidence to indicate 
that there is any enlargement of the pit by any enzyme which might destroy 
^ cell-wall cellulose. 


dead areas. While the rate and extent of the growth of this mycelium 
depends to a certain extent on the natural resistance of the variety, this 
resistance can be modified and broken down by factors affecting the func- 
tioning of the host cells. 


PENETRATION OP CELL WALLS IN LESIONS BY HYPHAE 


Apparently in all cases in the internal parenchyma the mycelium passes 
from cell to cell through the pits in the cell walls. In the young, active 
hj^phae the hyphal tip is small and swelling of the mycelium on opposite 
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infection threads from appressoria 

Conidia of the red-rot fungus, when placed on the uninjured epidermis 
of the leaf or stem, germinate and produce single-celled, brown appressoria 
which become cemented to the substrate on which they develop. With 
related fungi it is known that appressoria produce germ tubes which pene- 
trate the host tissues by going directly through the cell walls. Such a 
method of infection has been suggested for the red-rot fungus, but, in the 
past, inoculation experiments made by placing spore suspensions on the 
uninjured epidermis of the cane plant have in general not been convincing, 
and infection, except through wounds, has not been demonstrated with 
certainty. 

To determine definitely w^hether the appressoria function in infection, 
and if so to determine how the infection occurs, a number of tests were made 
during the summer of 1943. Spore suspensions were sprayed on various 
parts of the cane plant. In spite of the fact that the weather was unusually 
dry while the tests were made, the conidia germinated readily and quickly 
produced appressoria (Pig. 2, C). The inoculated areas were examined 
over a period of several days for the development of lesions and numerous 
freehand sections were examined for the presence of infection threads from 
the appressoria. 

In some of the inoculation tests, spore suspensions were sprayed on the 
upper surface of midribs. In general, satisfactory infection was not ob- 
tained in these tests. A few small lesions were observed but these did not 
increase in size. In sections through these lesions (Pig. 2, B) the walls of 
3 or 4 layers of cells were reddened, but mycelium was not found with cer- 
tainty in the cells and no infection threads were found in the thickened walls 
of the epidermal cells. 

In other tests the spore suspensions were dropped in behind the leaf 
sheaths of young active leaves and allowed to come in contact with the inner 
epidermis of the leaf sheath and the young growing stem. The epidermal 
layers of these structures were tender and the cell walls were soft. On such 
surfaces, infection was obtained easily and rapidly. In 3 to 4 days lesions 
extending entirely through the leaf sheath were observed. Sometimes the 
whole leaf sheath later became discolored and large dead spots developed 
(Pig. 3, A, B), Also, numerous small lesions formed on the young stems 
(Pig. 3, C). While these stem lesions turned red and often penetrated 2 
to 4 layers of cells, they were not observed to penetrate through the dense 
fibrovascular layer to the interior of the stem. In the lesions on the leaf 
sheaths and stems, acervuli with spores developed quickly. The infection 
on the leaf sheaths was similar to that which sometimes occurs in nature. 
Ordinarily, in the field, spores developing in acervuli on the midrib are 
washed down to the ligular region and, when possible, behind the leaf sheath. 
That more natural infection does not occur on leaf sheaths in the field is 
apparently due to the fact that the coating of wax makes a watertight seal 
between stalk and leaf sheath. 
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In the sections made from recently inoculated leaf sheaths, infection 
threads were found. These were sent out from the contact surface of the 
appressoria and penetrated the cell walls of the epidermis (Pig. 4) . These 
threads were extremely small and penetrated the wall usually in a straight 
line and generally either perpendicular to the leaf surface or parallel to the 
cross walls of the subepidermal layer. In no case was any erosion observed 
in the cellulose wall around the infection thread, and consequently there was 


Pig. 3. Eed-rot lesions from spore suspension dropped behind leaf sheath, variety 
O.P. 34/120. A. Leaf -sheath lesions, 10 days after inoculation. B, Leaf -sheath lesions 
15 days after inoculation. 0. Lesions on young stalk, 5 days after inoculation. 

no evidence suggesting that the thread went through a pore dissolved out by 
an enzyme. These infection threads, which were easily seen when stained 
with cotton blue, were often quite numerous. 

How the threads penetrated the wall was not determined. Pits were not 
observed in the outside walls of the epidermal cells. It does not seem rea- 
sonable that an extremely delicate thread could penetrate a solid cell wall 
by pressure without some twisting and bending. The demonstration of 
pores, pits, or at least lines of cleavage perpendicular to the surface, w^ould 
be extremely helpful in explaining these straight infection threads. 




Fig. 4, Infection threads and mycelium from appressoria, variety C.P. 34/120. x 780. 
A. Early stage of infection thread. B. Infection thread 4 days after inoculation. C. In- 
fection thread connected to mycelium in subepidermal cell. D. Appressoria with infection 
threads, mycelium, and black body. E. Infection thread and mycelium growing toward 
center of leaf sheath but parallel to cell wall. F. Many infection threads, several con- 
nected with mycelium. 

nature was not determined. No enlargement o£ the hypha on opposite sides 
of the cell wall was observed in these newly infected cells. 

In infection from the appressoria there was no indication that mycelium 
from an infection thread after passing through the cuticle becomes dormant 
between the cuticle and the cell walls of the outer layer of the epidermis. 
Such has been shown by Simmonds^ for some of the anthracnoses found on 

’ Simmonds, J. H. Latent infection in tropical fruits discussed in relation to the part 
played by species of Gloeosporium and Oolletotrichum. Proe. Eoyal Society of Queensland 
for 1940 52(2) : 92-120. 1941. 
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The 2 walls of the epidermal cell on the inside of the leaf sheath are very 
close together, often being almost in contact. Very frequently the infection 
thread penetrated both walls with no apparent widening out in the very 
narrow lumen. 

After entering a cell of the second layer, the infection threads widened 
out to the normal small type of hyphae. These hyphae, however, continued 
to grow directly towards the center of the leaf sheath, often elongating 
parallel to the cross walls of the cells (Fig. 4, E). Often a somewhat flat- 
tened body was visible where the infection thread first entered the interior 
of some of these cells. These, however, were not always present and their 
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mango, banana, and other tropical fruits. Whether such a condition ever 
occurs in the leaf blade of sugar cane has not been determined. It is known, 
however, that the red-rot fungus often will break out all over a leaf placed 
in a moist chamber, and this is characteristic of a dormant stage of a parasite. 

ACERVULUS FORMATION 


After growing for a period within the tissues, the red-rot fungus breaks 
out to the surface and produces its spores in an aeervulus. Whether the 



Fig. 5. Development of aeervulus between cell wall and cuticle on upper surface of 
midrib, deep -staining mycelium in epidermal cells and fine threads through cell wall, crosvS 
^ction, variety G.P. 34/120. A. Young aeervulus with cuticle still unbroken. x780. 
B, C. Older lesions with cuticle ruptured, x 390. D. Still older stage with setae. X 390. 

aeervulus is a structure sufficiently developed and differentiated to be con- 
sidered a fruiting body is open to argument. It is in fact nothing but a 
cluster of conidia-bearing conidiophores intermixed with a number of long, 
dark-colored setae. Both the conidiophores and setae develop directly from 
the mycelium in the tissues. 



1944] Edgerton and Carvajad: Red Rot op Sugar Cane 835 


Acervnli are ordinarily very abundant on both surfaces of the midrib. 
These develop quickly and as there is very little breakdown of the midrib 
tissues, especially of the upper epidermis, the formation of the acervuli can 
be readily followed by a study of free-hand sections. 

The thick, hard, membranous epidermis of the upper surface of the mid- 
rib consists ordinarily of about 3 layers of thick-walled cells which are 


Pig. 6. Acervuli, variety C.P. 34/120. X 390. A. Old aeervulus with spores, upper 
surface of midrib, cross section. B. Aeervulus, upper surface of midrib, longitudinal sec- 
tion. 0, D. Acervuli from stomates, under surface of midrib, showing deeply staining 
mycelium in epidermal cells and hne threads through cell walls. 

elongated in the direction of the main axis of ,tb.e leaf. In the formation 
of the acervuli (Figs. 5, 6), these cells and especially the ones in the outside 
layer, become packed with mycelium. This mycelium is very active and 
apparently contains much nutritive material, as it stains much more deeply 
with cotton blue than do the hyphae found in the interior tissues. Very 
small hyphae then pass through the outside cell wall from this mycelium. 
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This is the reverse of what occurs in infection from appressoria. Why these 
small threads pass inward through the cell wall from the appressoria and 
outward from the active hyphae in the epidermal cells is another of the 
unexplained host-parasite relationships. After passing the cell wall, the 
small threads immediately begin producing the conidiophores and setae be- 
tween the wall and the cuticle (Fig. 5, A). Apparently the nutritive mate- 
rial necessary for spore formation comes through the fine threads from the 
active mycelium in the epidermal layers. As the conidiophores and setae 
develop, the cuticle separates from the cell wall and is pushed up until it 
finally ruptures (Fig. 5, B, C). This subcuticular development is char- 
acteristic of acervulus formation on the upper surface of the midrib. 

On the under surface of the midrib, the mycelium, taking the easiest way, 
pushes out through the stomates (Fig. 6, C, D) . But even here the acervulus 
is reinforced by mycelium which is packed in the thick- walled cells bordering 
the channel in which the stomates are located. Small threads pass out from 
these cells and produce conidiophores just as they do from the cells on the 
upper surface of the midrib. 

Acervuli also form when only a single layer of cells is infected and even 
form on single-celled plant hairs which contain m^^celium. 

The fine threads passing through the cell walls and supplying nutrients 
to conidiophores for the production of conidia, in contrast to the infection 
threads which develop from the appressoria, function for days or even weeks. 
If these threads produce an enzyme which may act on the cellulose, its action 
should be evident. Sometimes, in sections of rather old acervuli, there has 
seemed to be some erosion of the cellulose around the fine threads and in a 
few eases it appeared as if the acervulus had broken back into the outer 
layer of epidermal cells but the latter cases were not common. 

SUMMARY 

A study was made of some of the host-parasite relationships of the red I’ot 
of sugar cane, including cell-wall penetration and the reaction of the host 
cells to the invading mycelium. 

An internal lesion of red rot typically consists of a white to strawy-colored 
center surrounded by a red zone. 

In advance of the mycelium the protoplasm of the host cells becomes 
modified and a gummy material oozes out and fills the intercellular spaces. 
At the same time, a reddish dye-like substance is produced which is absorbed 
by the cell walls. 

Mycelium advances but slowly into the red zone. The red zone forms 
(juickly in resistant varieties and more slowly in susceptible ones. 

In stalks in which the cells are not functioning normally, the mycelium 
spreads more readily than in standing cane. 

In the stalk and leaf, the mycelium penetrates the cell walls through pits. 

Infection threads from appressoria were observed in the epidermal cell 
walls of the leaf sheath. 


# 
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Acervuli develop from mycelhim packed in the epidermal and subepi- 
dermal layers. This mycelium sends very small threads through the walls 
of the epidermal cells. The conidiophores and setae develop from these 
threads. The acervuli are siibcnticiilar. 

Department op Plant Pathology, 

Louisiana Agricultural Experiment Station, 

Baton Rouge, La. 


SEEDLING INFECTION OF DENT MAIZE BY SCLEBOTIUM 
BATATICOLA TAUB.^ 

G . S E M E 3sr I U K 
(Accepted for publication May 10, 1944) 

INTRODUCTION 

Sclerotium lataiicola Tanb. causes a seedling disease of many ex’op plants 
in the field and under greenhouse and laboratory conditions. Its attack on 
corn, as generally observed, is confined to the mature or nearly mature 
plants. Its parasitism on seedlings, here reported, has not been noted 
previously. 

The charcoal-rot disease of dent maize was found in Iowa in 1941 for the 
first time^ and was found again in 1943. In 1941, the disease occurred in 
mid- August, in only trace amounts in one field near Ames. The corn in this 
field was planted earl/ and was ripening prematurely with approximately 
30 per cent of the stalks dead in mid- August. The soil was Webster silty 
clay loam. July and August were very dry and the corn throughout the 
state ripened somewhat earlier than normal, particularly on the knolls 
where drought conditions were more severe. 

In 1943, the disease was found in mid-September on approximately 33 
per cent of the plants in parts of several fields in a small area, approximately 
2 miles south of Cherokee, Iowa. The plants in these fields were nearly all 
dead or dying, approximately 50 per cent of them being broken over several 
nodes above the ground. The corn outside this area and throughout the 
state was still very green and upright. Kainf all was above normal through- 
out most of the State in 1943 except in the area indicated, where the rainfall 
was much below normal during August and September. In addition, the 
soil in this area was Dickinson loam having light texture with sandy to 
gravelly subsoil. 


METHODS 

Corn-seedling infection was studied in the greenhouse during the winter 
of 1941-42. A culture of Sclerotium hataticola was used which was isolated 
in mid- August, 1941, from the stalk of a diseased corn plant in a field near 
Ames, Iowa. Inoculum was prepared by growing the fungus for 3-4 weeks 
on 50 gm. of a 5 per cent corn-meal-soil mixture contained in 125-ml. Erlen- 
meyer flasks and wetted to approximately 70 per cent of its water-holding 
capacity. Weighed amounts of this inoculum were added to each 4-inch 
pot of soil for the infested series, while no additions were made to the non- 
infested series. The inoculum was distributed uniformly as a thin layer at 

1 Journal paper No. J-1187 of the Iowa Agricultural Experiment Station, Ames, Iowa, 
Botany and Plant Pathology Section, Project No. 577. 

2 Semeniuk, G. Charcoal-rot of maize, new to Iowa. (Abstr.) Proc. Iowa Acad* 
Sci. 49:256. 1942. 


838 


1944] 


SemENIUK: SciiEROTIXJM ON MAIZE 


839 


the seed level or at some measured distance above or below it. Seven seeds 
were planted in each pot and usually 3 weeks were allowed for seedling de- 
velopment. 

The soil used was 2 parts greenhouse compost to one part of washed river 
sand, steamed for 5 hours at 15 lb. pressure and used immediately. Non- 
disinfested seed of inbred line Hy was used in all the tests. 

The developed seedlings were washed out and measured for : wet weights 
of seedlings per pot ; height of individual seedlings ; mesocotyl and primary 
root necrosis of individul seedlings. The mesoeotyls were rated 0, 1, 2 or 3 
for disease development indicating that they were healthy, a trace to 
necrotic, % to % necrotic, or % to completely necrotic, respectively. The 
primary roots (radicle and seminals) were rated 0, 1, 2 or 3, indicating that 
there was no necrosis, one to several small necrotic areas on one or more 
roots, several elongated necrotic areas usually on two or more roots, much 
elongated necrotic areas up to complete or nearly complete necrosis of one 
(radicle) but usually all members of the primary root system, respectively. 
The disease severity for a group of seedlings was determined by the follow- 
ing formula : 

Sum of ratings given individual plants x lOQ 
Number of plants examined x 3 

DISCUSSION OP RESULTS 

No pre-emergence rotting of seed occurred in S. lataticola-mie^ted 
steamed soil. The seedlings developed normally for approximately 2 
'weeks, whereupon stunting and reduction in vigor of the seedlings became 
manifest and later accentuated (Fig. 1, A). Not all the seedlings in any 
one pot infested with S. hataticola were similarly affected. A few seedlings 
remained as vigorous as those in the non-infested pots of soil. In general, 
the occurrence and the extent of stunting reflected the progress of meso- 
eotyl and primary root necrosis. 

In most of the seedlings in the infested soil, necrosis was severe in meso- 
cotyl and primary root. In the milder cases of necrosis the affected tissues 
were light brown and without sclerotia of 8. hataticola, while in the more 
severe cases they were dark brown to near black because of an abundance of 
sclerotia (Pig. 1, B). The discoloration probably was due to other organ- 
isms accompanying 8. hataticola, particularly Fusarium moniliforme, since 
many infected roots bearing an abundance of sclerotia were colorless, while 
discolored tissues frequently yielded Z. moniliforme and other organisms 
along with 8clerotium hai^aticola. When mesocotyl necrosis was severe, the 
tissues were partially disintegrated and easily torn apart by the force of 
fine streams of water during washing. In severe necrosis of the seminal 
root the cortex was completely disintegrated and absent, leaving intact only 
the stele and epidermis. 

Although sclerotia frequently were on the pericarp, mesocotyl, eoleop- 
tile, primary and occasionally secondary roots (Pig. 1, B), their absence in 
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Fig. 1- Selerotium hataticola on maize seedlings (inbred line Hy) after 3 weeks in 
infested steamed soil. A. A healthy seedling (on the left) and 4 diseased seedlings show- 
ing different degrees of stunting and disease development on the mesocotyls and primary 
roots. B. A close-up view of the second seedling from the right in A. Selerotia were 
abundant on the pericarp of the seed, seminal roots, mesocotyl, coleoptile, and crown. 
The cortex and much of the epidermis of the seminal roots had disappeared. 

the less affected tissues was not always indicative that the fungus was not 
present. The fungus always was isolated from necrotic tissues beyond the 
regions of selerotia and occasionally from apparently healthy regions ad- 
jacent to necrotic areas without selerotia. Selerotia were observed extend- 


TABLE 1. — Disease development on maize seedlings grown in steamed soil infested 
with Selerotium hataticola and held at 11.5° C. for different periods before being trans- 
ferred to the greenhouse at 25° C. 


Soil 

treatment 

Bays at 

11.5° C. 

Seedling 

height^ 

Disease severity'* 

Mesocotyl 

Roots 


No. 

cm. 



Infested 

0 

32.2 

58.4 

60.7 


2 

32.4 

47.5 

35.9 


4 

38.8 

32.1 

37.1 


6 

30.4 

38.1 

25.8 . 

Non-infested 

0 

41.2 

8.3 

6.0 


■ 2 ■ 

34.6 

; 7.4 

■'•6.2 


4 

35.9 

7.4 

2,5 


6 

37.0 

4.8 

,1.2 


» Mean of 4 replications. 

Bum of ratings of individual plants x IQO 
Number of plants examined X 3 
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ing along the seminal roots as much as 8 cm. from the seed. The develop- 
ment of necrosis began at the seed (location of the inoculum) and progressed 
for varying distances along one or all members of the primary root system 
and along the mesoeotyl. The fine branch roots also became infected and 
eventually disjoined. Secondary roots became infected following complete 
necrosis of the mesoeotyl during the early development of the seedling. An 
occasional lesion with sclerotia occurred on the secondary roots that passed 
down through the region where the inoculum was applied, but usually they 
were free of infection. The fungus also was isolated from the seutellum 
and from the plumular region of the more severely stunted seedlings. 

The disease was more severe at 25° to 30° 0., than at lower temperatures. 
Maintaining the seed in contact with inoculum in cold, wet (steamed) soil 


TABLE 3. — Disease development on 4 intred lines and 2 single crosses of dent mawe 
in steamed soil infested with Sclerotium hataticola^ 


Maize 

seed 

Soil 

infest ationb 

Seedling 

height^ 

Seedling 

weight 

Disease severity 

Mesoeotyl 

Roots 



cm. 

gm. 



Inbred line 1 

Infested 

37.7 

22.9 

50.9 

36.8 


ISToninfested 

40.4 

32.1 

4.8 

1.6 

2 

Infested 

32.1 

23.0 

63.3 

26.7 


Noninfested 

33.3 

25.1 

4.8 

0.0 

3 

Infested 

37.9 

26.1 

20.6 

9.5 


Noninfested 

39.6 

36.8 

3.2 

1.6 

4 

Infested 

37.8 

22.8 

70.0 

36.7 


Noninfested 

40.9 

29.4 

7.9 

3.2 

Single cross 1 

Infested 

38.6 

31.9 

79.7 

48.2 


Noninfested 

42.0 

32.2 

12.7 

4.8 

2 

Infested 

41.2 

31.2 

13.3 

8.3 


Noninfested 

44.9 

38.7 

6.4 

3.2 


a Greenhouse temperature approximately 25° 0. 
b 20 gm. inoeulum placed at the seed level, 
c Mean of 3 replications. 


for 2-6 days before transferring to the greenhouse at 25° C. resulted in less 
disease under longer exposures to these conditions (Table 1). 

Similar disease development occurred with applications of 5, 10 or 20 
gm. of inoeulum to each pot of soil or by placing inoculum 2 cm. below or 
1| cm. above the seed level (Table 2). Treating the seed by 15 minutes' 
soaking in a 0.001 per cent water solution of ethyl mercury phosphate only 
slightly reduced disease development. Less disease occurred from inocula 
of Fusarium moniliforme and Sclerotium hataticola mixed immediately be- 
fore their application to the soil than from S, lataticola alone. No disease 
occurred when inoeulum of 8. lataUcola was added to nonsteamed soil. 

The activity of S, iataticola apparently was influenced considerably by 
the antibiotic activities of other soil organisms. The fungus was able, how- 
ever, to grow through steamed soil, as disease occurred on the mesoeotyl 
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when the inoculum was placed below the seed level and on the roots when 
placed above the seed level. The failure of seed treatment markedly to re- 
duce disease suggests that avenues other than seed may be available for the 
entrance of the organism into the mesocotyl and primary roots. While 
diseased tissues on agar media frequently yielded Ftisarium moniliforme 
and saprophytic organisms along with Scleroiium laiaticola^ such organisms 
were viewed only as of secondary importance. 

Differences in disease development on several inbred lines and. single 
crosses of dent maize were noted in one test (Table 3). These results sug- 
gest that there are differences in susceptibility to this disease and that the 
seedling reaction might be used in finding sources of resistance to it. 

SUMMARY 

A seedling disease of dent maize caused by Sclerotium hataticola Taub. is 
described as obtained in the greenhouse. Severe mesocotyl and primary 
root necrosis with accompanying stunting of seedlings was obtained only 
under steamed soil conditions where the suppression of S. hataticola by other 
soil organisms was reduced to a minimum. Differences amongst inbred 
lines and single crosses of dent maize seedlings in susceptibility to the disease 
were noted. 

Botany and Plant Pathology Section, 

Iowa Agricultural Experiment Station, 

Ames, Iowa. 


PHYTOPATHOLOGICAL NOTES 

The Use of Abrasives for Inoculating Sugar-cane Seedlings with the 
Mosaic Virus, — In the routine testing of sugar-cane varieties for disease 
resistance at the U. S. Sugar Plant Field Station at Houma, Louisiana, 
from 15,000 to 25,000 new seedlings are inoculated each year with the mosaic 
virus as the first step in the elimination of disease-susceptible ones. The 
Matz^ methdd is used, in which the inoculum is placed in the space between 
the youngest expanded leaf blade and the next younger leaf that is still 
rolled, and a fine needle then passed 6 to 8 times through the liquid and into 
the basal portion of the iinexpanded leaves (the spindle) . 

The method is usually 90 per cent or more effective with susceptible 
varieties, but for inoculating several thousand small plants, such as those 
grown from true seed, it is tedious and time-consuming. Furthermore, 
plants grown from true seed are too small for rapid inoculation by the 
needle-prick method until they are several weeks old. Fewer seedlings can 
be handled in a season because of not being able to move the first-inoculated, 
potted seedlings from the greenhouse earlier and replace them with new 
plants. 

It was desirable to develop a method which would be equally or more 
effective, but faster and less tedious than the needle-prick method. The 
abrasion technique, devised by Eawlins and Tompkins,^’ ® or a modification 
thereof, appeared suitable if a high enough |)ereentage of infection would 
be obtained. A preliminary experiment was made according to the follow- 
ing procedure: In one series, finely ground, unwashed, white, sea-island 
sand of 100-mesh grade, to which inoculum was added, was picked up be- 
tween the thumb and index finger and rubbed on the spindle. In another 
series, 100-mesh carborundum was used in the same way. Enough pressure 
was exerted by the fingers to rupture the tissues to the extent that they 
appeared to be water-soaked. No effort was made to proportion the amounts 
of inoculum and abrasives, but enough of the former was added to make a 
mixture of thin consistency. The needle-prick method was used as control. 
Two-month-old seedlings, 3 to 6 inches tall, of the cross Co. 281 xXJ.S. 1694 
were used because, in the past, seedlings of this cross had shown a relatively 
high degree of susceptibility to the mosaic virus. There was injury to the 
young plants but, insofar as could be determined, this injury did not affect 
their normal growth to any appreciable extent. The results are presented 
in table 1. 

Comparatively high percentages of infection were obtained with botli 
sand and carborundum as abrasives, the percentage of plants in each in- 

iMatz, Julius. Ai‘tifieiai transmission of sugar-cane mosaic. Jour. Agr. Bes. | U.S.'| 
46: 821-839.. 1933. 

2 Bawlins, T. E., and G. M. Tompkins. The use of earUorinidum as an jibrasive in 
plant virus inoculations. Phytopath. 24: 1147. 1934. 

8 — ^ — and . Studies on tbe effect of carborundum as an 

abrasive in plant virus inoculations. Phytopath. 26: 578-587. 1936. 
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stance being more than 3 times as great as by the needle-prick method. In 
other tests, comparable infection was also obtained by rubbing only the last 
expanded leaf with sand and inoculum. It was recognized, however, that in 
using as test plants those from a seedling progeny that differed genetically 
in their susceptibility to mosaic, strictly comparative data for the methods 
could not be obtained. . 

The results were highly encouraging and w^arrant further testing of the 
abrasion method of inoculating young seedlings. If in further comparative 
trials the percentages of infection obtained approximate those obtainable 
with the needle-prick method when it is used with older plants, then the 
abrasion method may very advantageously replace the method now used. 
One man could inoculate by the abrasion method approximately as many 
plants in a day as four men could by the needle-prick method. 

In other experiments with plants about two months old, which were 
grown from cuttings of a susceptible variety, the results were not consistent. 



TABLE 1. — JS^esults of inoculating sugar-cane seedlings with mosaic virus hy the 
abrasion and needle-priclc methods, headings made 4 weeTcs after inoculation 


Method of 
inoculation 

No, plants 
inoculated 

i!ii1 

Plants infected i i- * 

6 

Per cent . ij 1 

Saiid 

50 

22 

44 ' 

Carborundum 

50 

21 ! 

42, iMi'i 

Needle-prick 

100 

13 

l; 


Infection was obtained by the abrasion method in some tests but not in | 

others. It appeared that maturity of tissue and possibly particle size and i | 

cutting qualities of the abrasives influenced the results, and that these ' ^ 

factors must be considered in further developments of the method, particu- . 

larly with plants grown from cuttings.— Douglas C. Bain, United States ' ! 

Sugar Plant Field Station, Houma, Louisiana. ' 

' ' ' i 1 , ' 

: 

A Method of Producing an Epiphytotic of Tomato Fruit Bot in the ; : 

Fie W.^— Fruit rot of tomato {Lycopersicum escnlentum Mill.), caused by 
Phytophthora capsid Leonian, has been responsible for severe losses in Colo- 
rado canning areas during seasons when weather conditions were favorable 
for the development of the disease.^ To determine the effectiveness of cer- 
tain fungicides in controlling the disease and to test certain tomato varieties 
and types for resistance, field plots were planted at Fort Collins in 1942 
and 1943. Because of the probability that the field soil there might not 
contain a concentration of Phytophthora capsid sufficient to bring about an 
epiphytotic of tomato fruit rot, a method was devised to produce sufficient | 

sporangia for large-scale field inoculations. 

1 Published with the approval of the Director as Paper No. 182, Seientific Journal 
Series, Colorado Agricultural Experiment Station. The -writers -wish to express their 

appreciation to E. W. Bodine, Associate Plant Pathologist, Colorado Agricultural Experi- s , 

ment Station, for his assistance in the preliminary phases of this study. 

2 Kreutzcir, W. A., E. W. Bodine, and L. W. Durrell. Cucurbit diseases and rot of 

tomato fruit caused by Phytophthora capsid. Phytopath. 30: 972-976. 1940. 
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In preliminary laboratory trials isolates of the fungus obtained from 
naturally infected tomato fruits were grown on steamed corn meal, steamed 
barley, steamed potato cubes, steamed pepper fruits, oatmeal agar, potato- 
dextrose agar, in water culture with pieces of fresh green and red tomato 
fruits, pepper fruits and stems, and in 1 per cent peptone solution. Few 
or no sporangia were produced by the fungus during 40 days at 25° G. on 
the solid media. Although sporangia were produced in most of the water 
cultures they were not in sufficient quantity to supply the needed inoculum. 

The method finally developed was as follows : After the fungus was 
grown on steamed barley in 250-ml. Brlenmeyer flasks for 20 to 60 days at 
25° G\, the contents of each flask were passed through a food grinder and 
thoroughly mixed into the upper 3 inches of unsteamed field soil in a 
wooden flat. The soil then was watered thoroughly and covered loosely 
with paper to prevent excessive moisture loss. Since earlier tests had shown 
that soil aeration was necessary for satisfactory sporangial production, the 
soil was turned with a trowel once or twice daily. At the end of 24 and 
48 hours sporangia were abundant. In order to determine whether there 
were sufficient sporangia to produce adequate inoculum in the form of 
swarmspores, samples of approximately one cubic inch of the soil mixture 
were placed in 400-ml. beakers containing about 30 ml. of tap water. Care 
was taken not to cover the soil completely with the water. After 1 to 3 
hours at 25° C., abundant swarmspores were in each drop of the water ex- 
amined microscopically. Swarmspores so produced readily caused infec- 
tion. When drops taken from one of the beakers were placed on the unin- 
jured surfaces of either green or red tomato fruits which were then incu- 
bated in a moist chamber at 25° C., infection was observed within 24 to 48 
hours. Isolations &om infected areas invariably yielded cultures of Fhy- 
iophfhora capsid. 

To obtain adequate material for field-soil inoculations in 1942, isolates 
of Phytophthora capsid were grown for 60 days on steamed barley in one- 
quart milk bottles. One hundred and ten of these cultures then were ground 
and mixed with approximately cubic yards of unsteamed soil in a large 
wooden frame adjacent to the test field. The inoculated soil was moistened 
with a fine spray and covered with paper. At 8- to 12-hour intervals the 
soil was shoveled over to insure adequate aera-tion. Water was added when 
necessary to maintain the moisture content of the soil-inoculum mixture. 
At daily intervals from the third to the eighth day following its initial prep- 
aration a shovelful of the soil-inoculum mixture was placed in each of 
several 4-gallon glazed earthenware jars containing approximately a gallon 
of ditch water. Drops of water taken from these jars were examined micro- 
scopically every 30 minutes for 3 hours. Abundant swarmspores were 
present in these random drops in from 1^ to 2| hours after exposure at 
75° to 85° P. 

In inoculating the soil where the test plants were growing, the prepared 
soil-inoculum mixture was spread thinly at the bases of the plants during 
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irrigation and shovelfnls of the inoculum were also placed at the edges of 
the running water at 25-yard intervals in the irrigation furrows. The soil 
was irrigated by tbe furrow method at sufficient intervals for the next 10 
days to keep the surface moist. In addition an overhead sprinkler was 
used for the first three days following the soil inoculation. More than an 
acre of soil in which approximately 2,500 tomato plants were growing was 
inoculated in 1942. In 1943, this same method was used to inoculate the 
soil in field plots in which approximately 600 plants were growing. An 
overhead sprinkling system was substituted for the furrow irrigation used 
the previous season. This large-scale method of inoculation resulted in 
uniform infection of tomato fruits over the entire field plots in 1942 and 
1943.— W. A. Kreutzer and L. K. Bryant, Colorado Agricultural Experi- 
ment Station, Port Collins, Colorado. 



Tomato Seed Treatment with New Improved Ceresan Dust .^ — Ethyl 
mercury phosphate has been used successfully by New Jersey seedsmen for 
treating seventy to eighty thousand pounds of tomato seed annually during 
the past six years. The seed is immersed for 5 minutes in a 1-1200 suspen- 
sion of New Improved Ceresan (5 per cent ethyl mercury phosphate), 
allowed to drain for 25 minutes, then centrifuged and dried. Samples of 
treated seed plated on potato-dextrose agar are sufficiently free from surface- 
borne organisms to meet the rigid requirements of the Georgia Department 
of Entomology for producing Georgia certified plants. In addition the 
seed remains free from contaminating organisms for an extended period of 
time and is protected against seed decay and damping-off organisms, bene- 
fits which are not obtained from the mercuric chloride dip previously used. 

Though both the material and the method now in use are excellent for 
disinfesting the seed, an equally effective treatment which is less laborious 
and less toxic to those who treat and handle the seed would be desirable. 
In an effort to find a substitute material, 37 fungicides, including some of 
the newer materials such as Arasan, Spergon and Permate, were tested but 
none was found which gave seed protection and at the same time would meet 
the Georgia plant certification requirements. However, a simplified method 
using New Improved Ceresan as a dust shows definite promise. This 
method, in which a dosage of 0.5 per cent by weight is used and the seed 
agitated for 5 minutes, has consistently given 98 to 100 per cent clean seed 
in many laboratory plating tests. 

No seed or seedling injury has been observed in any greenhouse experi- 
ments in which a 0.5 per cent dosage has been used. Furthermore, treated 
seed (0.5 per cent dosage) held for 12 weeks in stoppered test tubes which 
prevented the escape of the ethyl mercury phosphate fumes, showed no in- 
jury when planted in soil in the greenhouse. Slight seedling injury has been 
noted in pure sand at dosages of 1 per cent and higher, and in soil at 2 per 
cent and higher. 


i ^ 


I' 




1 Journal Series paper of tlie New Jersey Agricultural Experiment Station, Butgers 
University, Department of plant Pathology. 
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Plating tests show that the dnst treatment prevents reeontamiiiation of 
seed held in cheesecloth bags exposed to air contaminants for as long as 28 
■weeks; and in all gex’mination tests the dust method has been equally as 
effective as the dip method in preventing seed decay and damping-off. 

Forty pounds of seed representing four lots have been treated in our 
laboratory and composite samples have met the standards required for pro- 
duction of Georgia certified plants. Of the four samples submitted to the 
Georgia Department of Entomology, two w^ere 100 per cent clean, and the 
other two, 99 per cent. These lots of seed are being planted in Georgia in 
the spring of 1944 to test the relative effectiveness of the dust and dip 
methods. 

The effectiveness of a commercial machine duster in applying New^ Im- 
proved Ceresan dust to 100 pounds of tomato seed has been tested. Nine 
100-seed samples taken from three machine-dusted lots were plated and 
found to have only seven contaminated seed. Of these, five samples were 
100 per cent clean, and no more than 2 per cent fungus- or 1 per cent 
bacterial-contaminated seed were found in any of the other four samples. 

In all experiments so far the dust method of applying New Improved 
Ceresan to tomato seed has proved to be as effective as the dip method in 
surface-sterilizing the seed, preventing recontamination, and protecting the 
seed and seedling against decay and damping-off organisms. A dosage of 
0.5 per cent by weight of seed, applied either by laboratory methods or by 
means of a commercial machine duster, has consistently produced 98 to 100 
per cent clean seed with no apparent seed injury in any experiments. This 
promising method decreases the danger of chemical injury to workmen and 
eliminates the time-consuming and laborious dipping, centrifuging, and 
drying processes necessitated by the liquid method. — B. H. Davis and C. M. 
Haenseler, N. J. Agricultural Experiment Station, New Brunswick, New" 
Jersey. 


THE UNIMPORTANCE OP COTTON SEED IN THE 
DISSEMINATION OP VERTICILLIUM 
WILT IN CALIFORNIA^ 


B. A. Eudolph^ and G. J. Harrison^ 

(Accepted for publication March 30, 1944) 

Verticilliiiin wilt of cotton was first reported in California by Shapovalov 
and Rudolph in 1930 (11) following the isolation of the causal fungus 
(Verticillium alio-atnim R. and B.) from diseased plants grown at the IT. S. 
Cotton Field Station at Shatter. Herbert and Hubbard (6) claim to have 
observed the disease in 1927, which is probably true, since the symptoms are 
very characteristic and not likely to be confused with those of other cotton 
diseases in California. Today yertieillium wilt is recognized as a destruc- 
tive disease in virtually all cotton-producing sections of the San Joaquin 
Valley. In some fields the incidence of infection is virtually 100 per cent, 
and much of the cotton harvested from such fields is of poor quality.^ 

Because of the seemingly rapid spread of Verticillium wilt throughout 
all cotton districts of the State in comparatively few years, it was only nat- 
ural that growers and plant pathologists alike should suspect seed transmis- 
sion of the parasite. Investigators in Texas and Arizona, where this disease 
has spread with equally spectacular rapidity, have already reported seed 
transmission of wilt. Unfortunately, there is no agreement as to how, when, 
or where the seed becomes infected or contaminated by the fungus. Thus, 
Taubenhaus, in Texas, reported isolating Yerticillmm from the interior of 
8.3 per cent of 1440 seeds in 1936 (12) and from 2.3 per cent of 160G seeds 
in 1937 (13). In a personal letter to the senior writer, Taubenhaus par- 
ticularly stressed the point that the fungus inhabited the interior of seeds 
and not the lint. He not only delinted the seed with sulphuric acid but also 
disinfected it with a mercuric solution. He said that no recommendations 
were being made (presumably to growers) until the work could be replicated 
2 or 3 years. He pointed out that “one year the infection in the interior 
of the delinted seed is present and another year it may not be. ’ ’ 

In contradistinction to the results obtained by Taubenhaus are those of 
Brown® (1) in Arizona. He was unable to isolate the fungus from the 
interior of the seed but claims to have succeeded in isolating it from the 
lint. He has given no details of his experiments, and no one else has made 
such claim. Brown (2) has reported instances of the disease appearing in 

1 Much of the work reported in this paper Tras done under W.P.A. Projects 50-1859, 
50-11992, and 50-12456-D. 

2 Associate Plant Pathologist in the California Agricultural Expeiiment Station. 

3 Agronomist, United States Department of Agriculture. 

^ In addition to ripening prematurely, the bolls on affected plants are stunted, and the 
lint is of inferior quality as to fiber length and strength. Studies at the U. S. Cotton 
Field Station at Shaf ter confirm these observations. 

5 Although this report is not signed, it and similar articles that appeared in Arizona 
newspapers, such as the Arizona Star (Tucson), released to the press by the University 
of Arizona, credit Dr. Brown and his associates with the work. 
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clean fields planted to seed that had not been delinted^ bnt he knew of no 
instance where the disease had developed in clean fields planted to acid- 
delinted seed. Presley,® on the other hand, has reported the appearance of 
the disease in desert areas of Arizona, cropped for the first time and planted 
with acid-delinted seed. 

In letters to Miles (8, 9), Sarejanni has expressed the belief that Verti- 
cilliiiin wilt is seed-borne, bnt he was unable to demonstrate the presence of 
the fungus in seed produced on diseased plants. Sarejanni first observed 
the disease near Copias, Greece, in September, 1932, in cotton plants grown 
from seed imported from North Cai’olina that same year. Seed obtained in 
1932 from Yirginia produced healthy plants, but it is not certain that the 
seed purchased in Virginia actually was grown there. The disease has never 
been reported or recognized in either of those States, according to letters 
received in November, 1942, from pathologists of the North Carolina and 
Virginia Agricultural Experiment Stations. 

Miles (8) likewise 'was unable to demonstrate the presence of the parasite 
within cotton seed. 

SEED STUDIES IN CALIFORNIA 

Experiments to determine whether YerUcilUum alho-atmm is trans- 
mitted by cotton seed and whether infected seed is an important factor in 
California, were made from 1934 through 1938. 

Each year mature cotton plants in the most advanced stages of Verti- 
cillium wilt were dug at intervals at the United States Cotton Field Station 
at Shatter, California, where the writers are collaborating in the production 
of a Verticillium wilt-resistant cotton suitable to California. Cultures of 
the diseased plants were made at the University of California Deciduous 
Fruit Field Station at San Jose, California. The plants grown at Shatter 
had been artificially infected by injecting pure cultures of the fungus into 
the soil about the roots. 

Internal Seed Studies. In 1934, to determine whether the fungus is 
capable of infecting the internal structure of the seed by way of the vascular 
system, sections of the stele of each plant near the roots were cultured on 
Czapeck’s nutrient agar, slightly acidified with lactic acid to suppress bac- 
terial growth. At the same time, varying numbers of mature, unopened 
bolls, particularly those on the lowest branches, close to the main stalk, were 
clipped off and each put in a paper bag and kept in a dry place at room 
temperature. 

Pending the outcome of the cultures made from the steles, Petri-plate 
cultures were made from either the receptacle or placentae of each boll to 
determine whether they were diseased. Bracts were completely removed, 
then the receptacle wms sliced off! close to the base of the boll Next, the 

6 Presley, John T. The oeeurrence of Verticillium albo-atrum wilt on cotton grown 
ns a first crop in certain remote desert areas. Unpublished manuscript. 

This paper was read before the Pathological Section of the Association of Southern 
Agricultural Workers at Memphis, Tenn., 1942. References to and quotations from it 
have been made with the author's consent. 
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receptacle and its short peduncle were scrubbed with a brush and lightly 
scraped with a scalpel to remove any dirt or dead cuticle adhering to them. 
After a final rinsing with tap water the preparation was surface-sterilized 
in mercuric bichloride solution 1/1000 for 3 minutes, rinsed with sterile, 
distilled water, and cut into at least 3 pieces, the usual precautions to insure 
asepsis being taken at all times. Plantings were made in Petri plates of 
slightly acidified Czapeck’s nutrient agar. A plate never was discarded in 
less than 3 weeks from the time the cultures were made, unless the fungus 
could be identified earlier, microscopically. 

Cultures were made from the placentae of many bolls as follows: The 
bracts and receptacle of each boll were cut away and discarded. The carpels 
of the mature, unopened bolls were cut apart with a knife drawn along the 
sutures and worked free from the unexpanded locks by hand. The locks, 
after properly identified, were placed in paper bags and kept in a dry 
place at room temperature, pending the results of the cultures. The axile 
and numerous placentae of cotton form a central column that can easily be 
broken into its component parts with the fingers. Before doing this, how- 
ever, the numerous tough, parchment-like walls that are attached to the 
placental column and divide the boll into locules were cut away. The indi- 
vidual placentae, from which the locular wall tissue had been trimmed away, 
were surface-sterilized in mercuric-bichloride solution 1/1000 for 3 minutes, 
after which they were rinsed in sterile distilled water and planted in Petri 
plates of slightly acidified Czapeck’s nutrient agar. Figure 1 shows the 
successive steps taken in preparing both the receptacle and placentae for 
culture purposes. 

Finally, cultures were made from the seed of 28 of the bolls, the recep- 
tacles of which had yielded Verticillmm in culture. The seed was delinted 
either with sulphuric acid or by scraping- it wuth a scalpel until all traces 
of fiber were removed. After rinsing in tap water, it was surface-sterilized 
by immersion in mercuric-bichloride solution 1/1000 for 3 minutes, then was 
rinsed with sterile distilled water. Each seed was then cut transversally 
into its micropilar and funicular halves which were planted in Petri plates 
of slightly acidified Czapeck’s nutrient agar. To maintain , the identity of 
each seed, the halves were planted in proper sequence on either side of a 
line drawn across the bottom of the plate with a wax pencil, the funicular 
halves on one side and the micropilar on the other. Not more than 4 seeds 
(8 halves) were planted to a plate. None of the 763 seeds cultured yielded 
VerUcillium. 

The results obtained in 1934 are summed up in table 1. 

To determine what other parts of the boll might become infected, cultures 
were made from the carpels of 5 bolls, of which either the receptacles or 
placentae had yielded Verticillmm in culture. The tissue was cut into 
fragments approximately one-half inch square, washed, and surface- 
sterilized as described. The tissue was found to be sterile. 

Cultures also were made from the bracts of 14 bolls selected from 5 plants 
that had been proved to be diseased by cultural methods. The fungus had 
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Pig. 1. Aeala cotton boll and its component parts. Natural size. a. A mature boll 
■witli leafy bracts, b. A mature boll with bracts removed, e. The receptacle, trimmed 
and ready for sectioning and culturing, d. Longitudinal section through a boll showing 
the central placental column and core at its base. e. Individual lock of mature, moist, 
unexpanded cotton, f. Central placental column with parchment-like membranes separat- 
ing the locks cut away. g. The placentae, which make up the central placental column, 
separated. Note core attached to the base of the top placenta. The second and third 
placentae are in position to show the tooth-like protuberances to which the seeds were 
attached. 
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TABLE 1.— Results of cultures made in 1984 from either the receptacles or pla- 
centae, as well as the seed of Acala cotton plants severely affected with Verticillium wilt 


No. diseased plants ; 23 

No. bolls from diseased plants cultured 139 

No. bolls yielding no Verticillium from either receptacles or placentae ...... 98 

No. bolls with healthy placentae 71 

No. bolls with healthy receptacles 27 

No. bolls yielding Verticillium in culture 41 

No. bolls with diseased placentae 1 

No. bolls with diseased receptacles 40 

No. seed cultureda 763 

No. healthy seed 763 

No. diseased seed 0 






a From 28 bolls only/ including the one with diseased placentae. Time did not permit 
culturing seed of the remaining 13 bolls with diseased receptacles. 


readied the receptacles of 13 of these bolls. Of the latter, 3 had diseased 


bracts. Although the receptacles of the 14th boll failed to yield the fungus 
in culture, the bracts gave positive evidence of its presence. Eecently dried 
or green bract tissue yielded the fungus in equal proportions. 

In 1935 and 1936 cultures invariably were made from both the receptade 
and placentae of each boll, to determine the ratio between placental infec- 
tions and receptacle infections. The seed was delinted with sulphuric acid. 
Only seed from bolls with diseased receptacles or placentae were cultured 
(Table 2). 

Since the accumulated data showed that the fungus only occasionally 
reaches the receptacles, in 1937 and 1938 cultures were made first from the 
receptacles. If a receptacle culture was positive, cultures were then made 
from the placentae of the same boll. This made it possible to work with a 
much greater number of bolls (Table 2). 

External Seed Studies. ^Several hundred cultures were made from 
Acala cotton seed deliberately selected from the bottom of pickers’ bags 
where the lint and fuzz were most likely to become contaminated with soil- 


TABLE 2 . — Besults of cultures made 1935-1938, inclusive, from hoth the receptacles 
and placentae, as well as the seed, of Acala cotton plants severely affected with Verti- 
cillium wilt 


Year 

No. of 
diseased 
plants 

No. of 
bolls 
cultured 

No. bolls 
with 
diseased 
receptacles 

No. bolls 
with 
diseased 
placentae 

No. of 
seed 
cultured 

No. of 
diseased 
seed 

1935 

12 

61 

1 

'O' - 1 

fa 

0 

1936 

I'' .53 ' 

434 

7 ' 


144b 

0 

1937 

101 

671 

2 ■ ■ 

^ 

34c 

0 

1938 

137 

2066 

100 

0 

2961 

0 

Totals 

303 

3232 

110 

1 

3139 

0 


a The seed eo tint of this single boll was overlooked when the plates were discarded. 


Cultures made from the seed were sterile. 

b From only six of the seven bolls with diseased receptacles. The seed from the single 
boll with diseased placentae was aecidentally discarded before cultures of it were made. 

c From only one of the two bolls with diseased receptacles. The other boll was badly 
decayed by Alternaria sp. while waiting the outcome of the receptacle cultures. 
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inhabiting organisms, without treatment of an^r kind. The plants that 
produced the seed were severely affected with the wilt, having been grown 
in soil artificially infested with the fungus. 

The fiber on the seed was dusty, but the great bulk of plant debris had 
been removed in the ginning. Usually, only one seed was planted to a plate 
of slightly acidified Czapeck’s nutrient agar. Verticillium failed to develop, 
but other fungi, too numerous to mention, quickly overran the plates. 

MICROSCLEROTIA 

Yerticillnm albo-atrum occasionally produces microsclerotia on old 
raspberry canes (4, 5, 10), apricot (3), and prune twigs (10). How long 
those that find their way to the soil remain viable is not known. At the 
Deciduous Fruit Field Station they have withstood desiccation in culture 
tubes for 10 years. Produced in any considerable quantity on old, dead 
cotton stalks left in the field to overwinter, it is conceivable that eventually 
such a large population of them might build up in the soil that contamina- 
tion of the lint in pickers’ bags dragged across the ground would be prac- 
tically inevitable. Seed with lint thus contaminated might disseminate the 
fungus. 

To determine whether Verticillium allo-atrum produces microsclerotia 
on dead cotton plants, experiments were started in 1937 and concluded in 
1942. Each year, a patch of artificially infected plants that had developed 
the disease in severe form was left untouched throughout the winter at the 
United States Cotton Field Station at Shatter. Plants were dug and for- 
warded to the Deciduous Fruit Field Station at San Jose only when it 
became imperative to put the ground in order for spring planting. 

The plants, including the main stalks and branches, were cut into con- 
venient lengths of about 6 inches, and examined under the microscope for 
any kind of minute, black body that might possibly be a microsclerotium of 
the parasite. Representative samples of all such bodies, regardless of their 
origin, whether erumpent or wholly superficial, were picked up with needles 
and transferred to Petri plates of Czapeck’s nutrient agar, some of which 
were acidified and some not. 

Prior to making the cultures the twigs were either left untreated or were 
surface-sterilized by immersion in mercuric bichloride solution 1/1000 for 
periods ranging from IJ to 3 minutes, and then rinsed with sterile, distilled 
water. The number of plantings per plate varied from 5 to 8. A total of 
11,723 cultures was made during the 5-year period. Neither Verticillium 
albo-atrum nor any of its closely related forms developed in any of the 
cultures made. 

LONGEVITY OP THE FUNGUS IN DEAD COTTON STALKS 

Each year many cultures were made from the wood of the old plants 
used in the microsclerotia studies, to determine to w^hat extent the parasite 
lives over in the main stem and twigs. Only infrequently could the fungus 


1944] 


EuDOLPH AND HAREISON* : WlLT IN CaMFORNIA 


855 


be cultured, which indicates that it dies fairly rapidly in the tops of the 
plants, probably after they have been killed by frost. The fungus could 
be cultured fairly easily, however, from the heavier woody portions of the 
main stem at ground level and from the tap root in which decay was not too 
far advanced. 

COTTON FIBER INOCULATIONS 

To determine whether V erticillium, can attack mature cotton fiber, either 
dry or wet, inoculatibns were made as follows : Locks of dry cotton were 
removed from the bolls and seeded by hand. The fiber was then fairly 
loosely packed in standard culture tubes, to some of which distilled water 
had been added in varying amounts. The tubes were plugged, steam steri- 
lized in an autoclave, and inoculated with large fragments of sclerotial crusts 
of VerficilUum aVbo-atrum lifted from the surfaces of cultures grown on 
Czapeck^s nutrient agar. Such fragments simulated the occasional bits of 
dried bract or carpel tissue that occasionally cling to the seed after ginning, 
and probably even surpassed them in inf ectiousness. 

Only cotton that was wet almost to the point of complete saturation was 
attacked. It turned a dark-grey, due to the presence of myriads of indi- 
vidual, black microsclerotia clinging to the fibers. The latter were not 
perceptibly discolored. The fungus failed to grow on the cotton in tubes 
to which no water had been added, and did not grow above the water line 
in those containing only small amounts of water. Presumably the humidity 
in such tubes was relatively high, but insufficient to enable the fungus to 
grow. 

DISCUSSION 

The considerable data obtained contribute nothing to support the theory 
that cotton seed from plants affected with Verticillium wilt may harbor the 
parasite internally. During the 5-year period of the experiments, a total 
of 3371 bolls from 326 plants, experimentally proved to be severely affected 
by the disease, were cultured. The fungus had reached the receptacles of 
only 150 of these bolls, and of the latter, only 2 showed infection of the core 
at the base of the placental column (Tables 1 and 2; Fig. 1, d and g). In 
figure 1, g, the core-like tissue referred to is shown attached to the first 
placental strip. The fungus grew only from this core-like tissue and never 
from the true placentae where the seeds were attached. 

The original point of attachment between the funiculus and placenta is 
characterized by a tooth-like structure on the latter. The second and third 
placentae from the top in figure 1, g, clearly show these tooth-like points of 
seed attachment. Considering the fact that the vascular system is highly 
developed at these points it is not unreasonable to believe that had the fungus 
reached them it would have grown out and established colonies in the agar. 
Such was not the case. 


The seed from the single boll, penetrated by the parasite in 1936 (Table 
2), we regret to state, was accidentally discarded before cultures were made 
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of it. It is virtually certain that the seed was not infected, since the fungns 
never penetrated beyond the core at the base of the placentae. The seed 
from the boll, penetrated by the fungus in 1934 (Table 1) was cut in halves 
and cultured. It was not infected. 

The average number of fully developed, viable seed per boll in healthy 
Acala cotton in California is 40. That of bolls from plants severely attacked 
by Vertieillium wilt averaged only 32, the bolls being puny and stunted as 
a result of the disease. The 3371 bolls cultured, the|*efore, had a possible 
content of 107,872 seeds, all of them apparently free from Vertieillium in- 
fection, since the experiments were so conducted that a check of the progress 
of the fungus in the stem, receptacle, and boll itself was possible. Actually, 
a total of 3902 seeds from bolls with infected receptacles were cut in half 
and cultured. All were healthjL 

The late Dr. Taubenhaus (11, 12) probably is the only investigator to 
claim isolation of VerUcilliiim from the inner tissue of cotton seed. Neither 
of his brief reports gives the details of his experiments. Yet he, himself, in 
personal correspondence with the senior writer, expressed doubt as to his 
findings. Pending further studies he preferred to make no recommendations 
to growers in Texas. 

The writers do not wish to infer that infection of the inner tissue of 
cotton seed is impossible; but in view of accumulated negative data, it is 
improbable. It is conceivable that, under conditions ideal for the fungus, 
it may succeed in penetrating the inner tissue of an occasional seed, but this 
fact would have no practical significance. In the face of existing evidence 
other means of dissemination assume far greater importance. 

Finally there is no assurance that the parasite having reached an occa- 
sional seed would remain alive there and attack the seedling the following 
spring. Such parasitized seed might not even germinate. It is conceivable 
that the fungus might be introduced into the soil with such seed. But, in 
the strict sense, it is wrong to assume that the disease is seed-borne without 
first planting such infected seed in healthful soil and observing whether it 
produces diseased plants. 

The experiments to isolate the fungus from the fiber and fuzz left on the 
seed after ginning were discontinued primarily because of the nature of the 
disease itself and the basic habits of the parasite. Regardless of severity 
of wilt in the plant, the cotton in the boll is never attacked. It is true, the 
bolls ripen prematurely in diseased plants and are stunted and puny, but 
the lint is never decayed or even discolored. Since the lint is produced on 
the outside of the seeds, and the latter do not harbor the parasite, then 
contamination of the lint from outside sources could be the only source of 
danger. Logically spores or microsclerotia might be suspected of contami- 
nating or even attacking the lint. Brown thinks this is possible, according 
to a letter to the senior writer. 

Microsclerotia were not produced on the old, dead plants within a year ; 
and even if plants were left in the fields a second year, it is doubtful whether 
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production of microsclerotia on the stalks would reach significant amounts 
in view of the comparative rapidity with which the fungus dies in the old 
wood. Therefore, the danger of the lint becoming contaminated with 
microsclerotia as the pickers drag their bags over the ground would seem 
negligible. 

Terticillium albo-atrum, which is now known to attack over 200 widely 
unrelated hosts, sporulates readily in the saturated atmosphere of a culture 
tube, but rarely, if ever, in fields in California. There are virtually no 
references to spore production on field-grown plants in literature on the 
disease, and only occasional references to spore production on dying plants 
in hot frames. Yan der Lek (7) describes the appearance of spores as ‘^a 
very fine dew’’ on the necrosed leaf areas of cucumber plants growing in 
hot frames. Rudolph (10) also cites the comparatively few workers who 
have referred to spore production within the ducts and mesophyll of affected 
plants. Spore production on cotton plants in the field, in California at 
least, can be dismissed as of no practical importance. Therefore, the possi- 
bility of lint becoming spore-contaminated at the gin is very unlikely. 

There still remains the possibility of the lint becoming infected from, or 
contaminated with, debris from the diseased plants themselves. Ginned 
seed usually has very little or no adhering debris, that most likely to be 
present being fragments of dried bracts. The fungus may invade the bracts, 
but how long it would remain alive in tiny, dry fragments of this tissue is 
unknown. Considering the comparative rapidity with which it dies in the 
woody stems, its chances for survival would seem to be slender. 

In any case, the cotton fiber is a poor medium for the growth of the 
fungus. Only cotton wet to the point of saturation was attacked. Cotton, i • 

delivered to gins, ordinarily is sufficiently protected against rain or other 
moisture to preclude Verticillium infection of the fiber. I 

Herbert and Hubbard (6) harvested seed from diseased cotton plants ! 

and planted it without delinting it. The plants produced were healthy and 
normal in every way. The writers also repeated this experiment but were 
not certain that the ground in which they planted their seed was absolutely 
healthful. A small amount of disease developed under conditions that 
tended to confirm their suspicions that the soil was not sanitary at the outset. 

Again, the writers do not wish to infer that transmission of Yerticillium ! 

wilt by lint-bearing seed is wholly impossible, but rather that it is improb- | 

able. Among many other really important means of disseminating the 
disease, the use of such seed probably is of little or no importance. 

Cotton-seed production in California is licensed. Production is confined 
as far as possible to healthy ground. Accordingly, the great preponder- 
ance of plants are free of Verticillium wilt and the seed produced is healthy. 

Even if some plants in the fields develop the wilt, the total amount of seed 
produced by them would be negligible in comparison to the total production. 

In the light of the experimental results obtained, the number of seed from 
such fields that could actually transmit Yerticillium wilt is infinitesimally 
small. 
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Among the commoner, authentic and definitely proyed means of dis- 
seminating the parasite may be mentioned the transfer of infectiYe debris 
from one field to another on plows, tractors, etc. Cotton growers often 
transfer farm machinery long distances by truck, and little or no effort is 
made to remove coarser roots or other plant material clinging to it. The 
use of cuttings from diseased plants as well as the planting of infected 
nursery stock, including fruit trees and ornamentals, is one of the common- 
est methods of dispersal. Potato-seed tubers often are diseased, but may 
not be discolored, A common fallacy is the belief that all infected tubers 
have a brown discoloration of the vascular system or at least a brown spot 
at the point of stolon attachment. Most of them do, but certainly not all. 

It has been stated that the disease has appeared suddenly in desert areas 
that had never been under cultivation. The inhabitants of such regions 
probably plant home gardens, shade trees, etc., and introduce the parasite 
with their plants and trees. In addition to stone fruits, bush fruits, truck 
crops, field crops, and ornamentals, Yerticillmm alio-atrum attacks many 
of our common weeds. It is not altogether impossible, therefore, that the 
disease may exist in weeds in some of the desert land cultivated for the first 
time. Reports of sudden outbreaks’^ of the disease in virgin, desert soil 
are not wholly convincing. The average grower would not recognize or be 
concerned with the single, individual cotton plant that might develop the 
disease among the thousands in his field, assuming the disease to have been 
introduced on debris, etc. On the contrary, he would ignore it and eventu- 
ally disk it into the soil along with the others at the end of the season, thereby 
establishing a real focus of infection the following year. The second year 
there might be enough disease present to constitute an ‘^outbreak.” The 
experiments and observations of Presley'^ in Arizona sustain the views ex- 
pressed here. He states: ‘‘We have found that land in crop for the first 
time is often a veritable hot-bed of the disease and infections have appeared 
simultaneously in valleys which are widely separated and physiographically 
isolated. One of these areas known as Hidden Valley seemed to lend itself 
admirably to the study of Yerticillmm and its origin. The valley is well 
isolated from other cultivated areas, and pump water is used for irrigating 
the land. In 1937 Verticillium wilt was found there in a planting of Upland 
cotton, and though the disease was not severe several distinct spots were 
apparent. For three successive years additional land within a mile radius 
of the diseased field was brought under cultivation and planted to cotton as 
a first crop. Precautions were taken to obviate as far as possible any chance 
of seed-borne infection entering these plantings. The planting seed was 
aeid-delinted at a commercial delinting plant in Mesa, Arizona, and one 
planting was made with seed of the D and P L variety that had been im- 
ported from an area known to be disease-free. In every instance the newly 
planted cotton showed, at various places in the field, typical wilt spots where 
the plants were killed outright or were severely stunted during early de- 
7 See footnote 6. 
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velopment prodncing* bare spots in the field surrounded by plants wbieh 
showed unmistakable symptoms of Vertieillium hadromycosis. ” 

SUMMARY 

Cultures made over a 5-year period from 3371 mature cotton bolls pro- 
duced on plants severely affected with Vertieillium wilt showed that the 
fungus had succeeded in reaching only 150 receptacles (4.44 per cent), and 
had penetrated to the bases only of the placental columns of 2 bolls (0.00059 
per cent) . Cultures made from the seed produced by diseased plants showed 
it to be neither internally nor externally infected by Yerticillium. 

To test a theory that the lint on cotton seed might become contaminated 
with inf ective material existing in the ground as the pickers drag their bags 
over it, cultures were made from non-sterilized, lint-bearing seed taken from 
the bottoms of pickers^ bags. The lint on such seed was dusty, but Yerti- 
cillmm never developed in the cultures. Similarly, to determine whether 
the parasite produces microsclerotia on dead cotton stalks left standing 
overwinter in a field, a total of 11,723 cultures were made during a 5-year 
period of the tiny, black bodies, erumpent or superficial, produced on such 
stalks. Yerticillmm was never found in the cultures. Also, to determine 
the longevity of the fungus in such old, dead stalks, a large number of cul- 
tures made over a period of years showed that the fungus dies out fairly 
rapidly in the tops after the plants have been killed by frost, but it remains I 

alive until the following spring in many of the tap roots that have not de- 
cayed, as well as in the heavier woody portions of the stems at ground level. 

Lastly, to test a theory that the lint becomes infested by the fungus at the 

gins, cotton removed from bolls and steam-sterilized in culture tubes was i 

inoculated with fragments of mieroselerotial crusts of Yerticillium albo- 

atrum produced on Czapeck’s agar. The cotton constituted a poor medium ; 

only lint wet practically to the point of saturation supported the growth of 

the fungus. It is exceedingly unlikely that cotton at the gins would become 

wet enough to enable Yerticillium to attack it. 

The experiments show that dissemination of Vertieillium wilt by seed 
produced on plants affected by the disease is highly improbable. Also, that 
contamination or infection of the lint on healthy seed is equally improbable. 

Deciduous Fruit Field Station, 

San Jose, California, 
and 

United States Cotton Field Station, 

Shapter, California. 
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INFECTION OF COTTON SEEDLINGS BY COLLETOTRICHUM 
GOSSYPII AS AFFECTED BY TEMPERATURE^ 


C . H . A E N D T 

(Accepted for publication April 17, 1944) 

Damping-off of cotton seedlings as caused by the antliracnose fungus was 
among the first of the seed-borne diseases to be studied intensively (1, 2, 3), 
yet there is little available information on the infiuence of specific environ- 
mental conditions on the incidence of infection by this fungus, except for 
the studies of Lehman (5). He studied the effect of 5 temperatures on the 
infection of seedlings which developed from seeds inoculated with spores of 
Colletotrichum gossypii South. Temperatures between 25^ and 30° C. were 
most favorable for seedling infection. The data reported in this paper were 
secured in studies initiated to ascertain the extent to which Lehmanns results 
might be applicable to naturally infested seed. 

METHODS 

Four lots of fuzzy cotton seed were germinated and the seedlings grown 
on 2 per cent agar gel, containing 0.002 A concentrations of KH2PO4, 
Ca(N03)2, and MgS04, and having an initial pH of 6.5. Approximately 
6-ce. portions were placed in 18 x 150-mm. test tubes, which were then 
plugged and autoclaved. The usual irregular germination of fuzzy cotton 
seed on an agar gel was overcome by liquefying the gel at the time of seed- 
ing, cooling it in a water-bath to 45° C., and then dropping the seeds on the 
liquefied gel. A small but sufficient amount of the fuzz on the seeds became 
embedded in the gel to facilitate adequate water absorption for rapid and 
uniform germination. All data for a certain lot of seed at a given tempera- 
ture are based on the germination of 100 seeds. 

The seedlings were grown in light-proof chambers at a relative humidity 
of approximately 85 per cent and at several temperatures with maximal 
fluctuations of ^° C. The relative humidity within the plugged test tubes 
was not measured, but it probably was equal to or slightly exceeded that of 
the chambers. At the end of 10 days the seedlings, except those grown at 
18°, were removed to the laboratory, where they were grown for an addi- 
tional four days at temperatures which ranged from 22° to 28° C. The 
removal to the laboratory was desirable because of the great elongation of the 
hypocotyls when the seedlings were grown in the dark for a longer period at 
these temperatures. This change in conditions could not have greatly influ- 
enced the results ; for, the critical period for seedling infection at these tem- 
peratures was during the first 8 days. The concurrent germination of the 
same lots in the laboratory also indicated that the laboratory temperatures 

1 Contribution of the Department of Botany and Bacteriology in Cooperation with the 
Division of Cotton and Other Fiber Crops and Diseases, Bureau of Plant Industry, IF. S. 
Department of Agriculture. Technical Contribution No. 90, South Carolina Agricultural 
Experiment Station. 
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were favorable for infection. On account of tbe slow growth of the seed- 
lings at 18°, it was necessary to grow them in the cases for two weeks, after 
which they were observed in the laboratory for an additional week. When 
the hypocotyls had attained a length of 70-80 mm. and the cotyledons had 
come in contact with the cotton plugs, the latter were removed. The first 
seedlings reached this length in approximately 12 days at 18°, 7 days at 22°, 
4 days at 25°, and 3 days at 29°, 33°, and 36°. At the first four tempera- 
tures, the number of days indicates the approximate time required for com- 
plete emergence of the cotyledons from the testas. At 33° and 36°, many 
of the cotyledons did not emerge until after the plugs were removed, and 
the seedlings had been placed in the laboratory. These two temperatures, 
especially 36°, are too high for the optimal development of the cotyledons. 
When the agar at the higher temperatures became reduced in volume as the 
result of water loss, an attempt was made to maintain a water level at 
approximately that of the original agar gel by adding, on alternate days, the 
necessary amounts of the same salt solution as that used for making up the 
agar gel. 

The four lots of seed of upland cotton (Gossypncm hirsutum L.) used 
were of the 1938 crop. The varieties, the states in which they were pro- 
duced, and the letters by which they and their seedlings will be referred to 
in this paper are as follows: A. Mexican Big Boll, North Carolina; B. Dixie- 
Triumph, South Carolina; C. Stoneville 2b, Mississippi; D. Stoneville 2b, 
Georgia. The germination of the first three lots under favorable conditions 
was approximately 90 per cent ; that of the D lot was generally from 10 to 15 
per cent lower. All four lots were externally infested by the anthracnose 
fungus (Colletotnchum gossypii) and Fiisarium moniliforme. Lots A, B, 
and C had from 2 to 5 per cent of the viable seed infected internally by 
C. gossypii. There w^as apparently no similar internal infection of the D 
lot, for there was no infection of seedlings which developed from surface 
sterilized seeds. 

The development of a primary root and a hypocotyl of sufficient length 
to raise the testa or cotyledons above the surface of the agar was the criterion 
for determining the percentages of germination. Those seeds which devel- 
oped only radicles were counted as not germinating. Healthy seedlings were 
those which germinated normally and had no visible lesions on the coty- 
ledons, hypocotyls, or radicles. At least 25 per cent of all lesions were 
examined microscopically to verify the macroscopic observations. However, 
all lesions atypical of those produced by the anthracnose fungus were exam- 
ined microscopically to assure that other fungi were not overlooked. A 
seedling was recorded as dead when the cotyledons became withered and dry 
or the hypocotyl had been so injured by the fungus that it was no longer able 
to support the cotyledons in an upright position. 

' RESULTS 

In the initial experiments the B and C lots were grown at 18°, 22°, 25° 
29°, 33°, and 36° C. to ascertain the temperature at which the anthracnose 
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fungus would cause the greatest injury to the seedlings. The total germi- 
nation of both lots was about the same at the various temperatures and 
ranged from 81 to 91 per cent, except for an emergence of 75 per cent for 
the B lot at 18°. The extent to which the low germination of lot B at 18° 
may have been associated with a high infection of the non-germinating seed 
by F. moniliforme is uncertain. The number of living seedlings per 100 seeds 
after 14 days for both lots was in the order 33° > 36° > 29° > 22° > 25°. 
The number of healthy seedlings was in the same order, except for a slightly 
greater number of healthy seedlings at 36° than at 33°. Eesults for B lot 
are shown in figure 1. The number of seedlings infected but not killed at 



denoted by the figures on the graphs. 




eacti temperature is indicated by the difference between the solid line (per- 
centage of living seedlings) and the dotted line (percentage of healthy seed- 
lings). The first points to the left on the solid lines show the maximal 
percentages of germination; while the depression of these same lines to the 


right indicates the number of seedlings killed at successive intervals. The 


first points on the dotted lines were not recorded until the first visible lesions 
appeared on seedlings, so that healthy seedlings could be distinguished from 
infected ones. 
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Because of tlie mtich. slower germination at 18° (a total of 85 per cent 
was attained on the 11th day) than at the higher temperatures, the results 
at the former temperature can he compared with the others only on the 14th 
day. At this time the percentage of living seedlings was largest at 18°, and 
the number of healthy seedlings for this temperature was midway between 
those at 29° and 33°. Belatively few of the seedlings which were alive after 
14 days of incubation at 18° were infected and killed during the subsequent 
7 days of incubation in the laboratory where the temperature was more 
favorable for infection. It is apparent that the reduction of the tempera- 
ture from 22° to 18° decreases the susceptibility of cotton seedlings to injury 
by the anthraciiose fungus, regardless of the slow growth of the seedlings 
at the lower temperature. 

The number of seedlings infected at 33° and 36° (Fig. 2) was somewhat 
larger for the B lot than for the C lot during the first 7 days of incubation. 
After the 8th day the numbers for both lots at these temperatures were about 
the same. In contrast, at the lower temperatures the relative numbers of 
infected seedlings were approximately the same for the first day or two after 
the appearance of the lesions, but tended to differ after a longer period of 
incubation. Thus, on the 14th day the C lot had from 9 to 13 per cent more 
infected seedlings than the B lot at 22°, 25°, and 29°. There was a com- 
parable difference between the lots at 18° C. on the 21st day. 

A microscopic examination of the lesions showed that certain of the seed- 
lings were infected by fungi other than C. gossypii The anthracnose fungus 
did not infect the seedlings at 36° C., but 5 and 6 per cent of the cotyledons 
of the B and C lots, respectively, were completely rotted by a BMzopiis sp, 
within the first 7 days. The only other injury by Bhizopus was the destruc- 
tion of approximately 4 per cent of the cotyledons of the seedlings of both 
lots at 33° and the destruction of one hypocotyl of the B lot at 18°. A 
Penicillmm sp. was also found on 2 per cent of the severely injured coty- 
ledons of the C lot at 36°. A Bhizopus sp., presumably the same as that in- 
fecting the cotyledons, was found on 25 to 50 per cent of non-germinating 
seeds of both lots at 18° and 36° and also on those of the B lot at 33°. The 
other temperatures apparently were not favorable for the development of 
this Bhizopus sp. or its growth was inhibited by the more rapid growth of 
other micro-organisms. 

At 33° C. not more than 24 per cent of the seedlings of either lot were 
infected by the anthracnose fungus. The first lesions were visible on the 5th 
day, but few appeared after the 7th day j and all of the infected seedlings 
which died were killed before the end of the 10th day. About 40 per cent 
of the seedlings with lesions outgrew the injury. The seedlings killed by 
the fungus were generally those on which the lesions appeared earliest. In 
contrast, at the lower temperatures relatively few infected seedlings outgrew 
tlie lesions. At 29°, as at 33°, the first anthracnose lesions on the hypoeotyls 
appeared on the 5th day. Most of these infected seedlings were killed before 
the 9th day, and only about 10 per cent of the seedlings infected at 29° out- 
grew the injury. 


1944] 


Arndt : Colletotrichum Gossypii 


865 


AlthoLigli the anthracnose lesions appeared one to two days later at 22° 
and 25° than at 29° and 33° (Fig. 2), the greater number of seedlings were 
infected and killed at the two lower temperatures. At 22° and 25°, 80 and 
87 per cent, respectively, of the seedlings of the C lot were infected; and 
70 and 77 per cent, respectively, of the B-lot seedlings. Less than 10 per 
cent of infected seedlings were alive on the 14th day at both temperatures. 

After it had been ascertained that the optimal temperature for the infec- 
tion of the seedlings by the anthracnose fungus was approximately in the 



Fig. 2. The number of infected seedlings per 100 seeds of two lots of cotton seed 
and after incubation for the number of days indicated and at the tempera- 

tures denoted by the figures on the graphs. 

range of 22° to 25°, the four lots of seed were grown simultaneously at each 
of the two temperatures. At both temperatures the A lot gave the highest 
percentages of living and healthy seedlings (Fig. 3). At 25° the percent- 
ages of seedlings for the other 3 lots infected and killed were much the same, 
and the differences between them were small: At 22°, however, there were 
distinct differences among these 3 lots, the C lot producing the smallest num- 
ber of living and healthy seedlings, the D lot the largest number, with the 
B lot intermediate. The proportion of healthy seedlings for the D lot was 
actually somewhat greater relative to the other two lots than is indicated on 
the graph on account of the 15 per cent lower germination of this lot. 
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The greatest difference in the incidence and severity of the lesions at 22° 
and 25° was shown by the A lot. At 22"" after 14 days of incubation, there 
were 70 living and 63 healthy seedlings as compared to only 43 living and 
38 healthy seedlings at 25°. Although the differences between these two 
temperatures for the other three lots were smaller, the graphs also show 
greater injury by the fungus at 25° than at 22°. This difference is further 
shown by the time required for the development of lesions. At 25°, there 
is a large increase in the number of infected seedlings during the 6th day 
with smaller increases for the next three days; while at 22°, there is a more 
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Pig. 3. The percentages of living and healthy seedlings of each of four lots of cotton 
seed after incubation for the number of days indicated at 22° C. (A) and at 25° 0. (B). 



gradual increase from the 7th to the 10th day. Much the same relative 
difference was shown in the time required to kill a given number of seedlings 
at these 2 temperatures. 

Important differences were apparent among the four lots in the percent- 
ages of the seedlings which had anthracnose lesions on the cotyledons at the 
time when they emerged from the testas. The percentages for the A, B, C, 
and D lots at 25° were 40, 25, 25, and 0, respectively; while at 22°, they were 
5, 10, 12, and 0, respectively. Most of the seedlings with lesions of this kind 
also had corresponding lesions on the hypocotyls. However, in, the follow- 
ing instances about one-fourth of the seedlings with lesions on the cotyledons 
had no lesions on the hypocotyls : C lot at 22° and 25°, B lot at 22°, and A lot 
at 25°. The cotyledons of the A lot were especially susceptible to injury 
by the anthracnose fungus at 25° C.: 80 per cent of the infected cotyledons 



1944] 


Arndt: Colletotrichum Gossypii 


867 


were completely rotted before the 14th day. The percentages of cotyledons 
of the B and C lots rotted in this same period and at the same temperature 
were about one-half as great. The lesions which did not enlarge to involve 
the entire cotyledon mostly remained small and at the end of 14 days ap- 
peared as dry, brown spots 1-4 mm. in diameter. For the 3 lots in which 
anthracnose lesions appeared on the cotyledons, the lesions were generally 
larger as well as more numerous at 25° than at 22°. At the higher tempera- 
tures of 29° and 33°, less than 5 per cent of the cotyledons of the B and C 
lots were infected by the anthracnose fungus, and these lesions were invari- 
ably associated with corresponding lesions on the hypocotyls. At 18°, 5-6 
per cent of the cotyledons of both lots were destroyed by C. gossypii, and 
3 per cent by F. moniliforme. The destruction of cotyledons by a Bhizopus 
sp. and Penicillium sp. at 33° and 36° has been noted previously. 

DISCUSSION 

In 3 field plantings^ in South Carolina in 1939 in which the same lots of 
seed were used, the surviving seedlings at 6 weeks after planting for the 
untreated seed of the A, C, D, and B lots were 53, 35, 28, and 25 per cent, 
respectively. The examination of the diseased seedlings showed that these 
differences were due largely to pre-emergence killing and damping-off caused 
by the anthracnose fungus. That the externally seed-borne anthracnose 
fungus was responsible for these differences in the number of surviving seed- 
lings was also indicated by a comparison with a two-year-old lot of seed, 
“M,’’ included in the field plantings. This lot was not infested by the 
anthracnose fungus and was of the same variety and strain as the A. lot. 
Untreated seed of this two-year-old lot produced 68 per cent surviving seed- 
lings, or 15 per cent more than A. The seed of the M, A, and C lots, after 
treatment with ethylmercuric phosphate, produced essentially the same per- 
centage of seedlings, or 73, 73, and 67 per cent, respectively; while the 
percentages for the B and D lots were 60 and 46, respectively. Thus, treat- 
ment of the M, A, C, B, and D lots of seed increased the surviving seedlings 
by 7, 38, 91, 114, and 64 per cent, respectively. 

The increases in seedlings in the field for the A and D lots approximated 
those which might have been expected from the percentages of their seedlings 
which were infected by the anthracnose fungus at 22° (Fig. 3). Similarly, 
the laboratory results would have indicated a greater response to seed treat- 
ment in the field for the C and B lots than for the A and D lots, but a greater 
response for B than for C would not have been expected. Thus, the germi- 
nation of similar lots of seed at 22° by the laboratory method described 
should indicate their approximate response to seed treatment when planted 
in the field. Small differences among lots in the laboratory tests, however, 
may not be discernible in the field. 

These results give no indication of the factors which may have been 
responsible for differences among the four lots. Ullstrup (6) has shown that 


2 These plantings were made in cooperation with the plant pathologists of 6 other 
states in a study of the effect of the characteristics of various seed lots on their response 
to seed treatment with ethylmercuric phosphate. 
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differences in pathogenicity exist among isolates of tins fniigus. Differences 
in spore loadSj in degree of infection of the seed coat by the mycelia, and in 
innate resistance to inf ectioii by the cotton variety are not precluded. 

The greater incidence of anthracnose lesions at 25° in these experiments 
than at 29° suggests that the optimal temperature range for seedling infec- 
tion by C, gossypiiy when naturally infested seeds are used, may be in the 
lower portion of the 25-30° range reported by Lehman (5) for inoculated 
seeds. His data on the growth of the fungus at various temperatures, how- 
ever, coincide closely with the amount of mfection at the several tempera- 
tures used in this experimentation; for temperatures of 25° to 30.5° were 
found by Lehman about equally favorable for the growth of C. gossypi% with 
the lower portion of this range the more favorable for conidial production. 
There was no growth of the fungus at 34.5°, and at 21° the growth was 
slower than at 25°. These temperature relations of the parasite seem to 
explain the absence of anthracnose infection of the seedlings at 36°, the low 
percentage of seedlings infected at 33°, the higher percentage infected at 
29°, and the successively reduced infection at the two temperatures tested 
below 25° C. 

Camp and Walker (3) and Lehman (5) supply comparable data for the 
germination and early growth of cotton seedlings. Their observations indi- 
cate that germination and seedling emergence is most rapid at 30° or slightly 
higher, is slightly less rapid at 25°, and is much slower at 20° C. A compari- 
son of these data with the incidence of anthracnose lesions at the various 
temperatures indicates that the causal fungus has its maximal pathogenicity 
at a temperature, about 25°, which is near the lower limit of the temperature 
range for its maximal growth but is well below the optimum for the host. 

The data by Walker (8) on the infection of onion by a closely related 
fungus, Collet otrichum circmanSj indicate a different relation of tempera- 
ture to disease production. The optimal temperature for disease production 
is 26-27°, while the fungus mycelium on agar grows best at 20-26°, This 
places the optimal temperature for disease production at the upper limit of 
the temperature range favorable for mycelial growth rather than in the 
lower portion of the range as for C. gossypii The former parasite, however, 
is relatively more virulent at 31° than is the latter. This difference may be 
associated with the fact that temperatures above 30° are relatively more 
favorable for the rapid and normal growth of the cotton plant than they are 
for the onion. 

Bhizoctonia solanij another fungus that causes damping-off of cotton 
seedlings (8), is most active at temperatures which are below the optimal 
for damping-off by the anthracnose fungus. The optimal soil temperature 
for the damping-off of cotton seedlings by R. solani is given as 17° to 23°, 
with little reduction in the number of seedlings killed until a temperature 
above 31.5° C. is reached. This RMzoctonia also grows well over a wider 
range of temperature than does the anthracnose fungus. Field observations 
in South Carolina indicate that the rhizoctonia fungus is more active as a 
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parasite on cotton plants at temperatures below 20° than the anthraenose 
fungus; but that at higher temperatures their relative importance is re- 
versed, especially when the planting of infested seed is followed by moderate 
temperatures associated with high soil moisture. 

The rapid decay of a small percentage of the cotyledons by a Ehizopus sp. 
at 33° and 36° indicates that the causal fungus is most active at temperatures 
approximating those most favorable for B. tritici (9) rather than those for 
E. nigricans. No comparisons were made in culture of the various mycelia 
of the Bhizopus spp. found on the decayed cotyledons and on the non- 
germinating seeds at other temperatures. 

SUMMARY 

Cotton seed infested by Colletotrichnm gossypii were germinated at 18°, 
22°, 25°, 29°, 33°, and 36° C. Anthraenose lesions appeared earliest at 29° 
and 33°. Relatively small percentages of seedlings were infected and killed 
at 33°. At 29°, much larger percentages were infected and killed, but not 
so large as at 22° and 25°. The last temperature approximated the optimal 
temperature for maximal infection and injury to the hypoeotyls and coty- 
ledons. Reduction of the temperature to 18° greatly reduced the incidence 
of seedling infection. At 36°, seedlings were not infected by this fungus. 

The temperature for the maximal damping-off of cotton seedlings by the 
anthraenose fungus was in the lower portion of the temperature range favor- 
able for the growth of the fungus and below the optimal temperature range 
for seedling development. In these experiments, practically all seedlings 
infected at 25° and 22° C. were killed before the 14th day. At 33° many of 
the lesions remained small and did not greatly retard the growth of the seed- 
lings. From 4 to 6 per cent of the cotyledons were destroyed by a Ehizopics 
sp. at 33° and 36°. 

The differences among the four lots of seed as to the percentages of seed- 
lings killed were somewhat greater at 22° than at 25° C. The percentages of 
the seedlings of the lots killed in the laboratory at 22° were indicative of the 
response of these lots to seed treatment in field plantings. 

Clemson College, Clemson, South Carolina. 
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Rotation is one of the oldest methods of improving crop prodiietion, and 
agronomists have for many years carried on extensive field-plot studies to 
determine the rotation systems best adapted to particular crops and areas. 
It is recognized generally that rotation practices infiiience the incidence of 
plant disease, particularly soil-borne diseases; but it has not proven feasible 
to obtain much specific information on disease control from the usual rota- 
tion experiment, as Goss and Afanasiev (7) report. Pathologists have 
recommended rotation as a control measure for many diseases, but, lacking 
definite field data secured under controlled conditions, these recommenda- 
tions have been based largely on studies of host range and field observations. 
It has been assumed that the reduction of diseases through crop rotations 
was essentially a problem of starving out disease-producing organisms by 
planting resistant or immune crops and by destroying susceptible weeds. 
The present writers used definitely laid-out field plots to evaluate rotation 
as a control measure for tobacco root knot {Heterodera marioni (Cornu) 
Goodey), bacterial or Granville wilt {Bacternim solanacearum E.P.S.), stem 
rot (Sclerotium rolfsii Sacc.), and Pusarium wilt {Fusarium oxysporum 
Sclil. YBx, nicotianae Johnson). Work was initiated in 1926 in Georgia and 
has continued to date in that State, and also in North and South Carolina. 
All tests have been repeated at 2 or more locations. It is not the purpose of 
this paper to report in detail on these studies, or to recommend rotation 
practices for the specific diseases studied. Rather the writers propose to 
present some of the data to show that the problem of plant-disease control 
through crop rotation is extremely complex and that it is not safe to base 
recommendations on general assumptions. 

The field areas used were first planted for one year to a susceptible crop 
to insure that infection was even and severe. The plots were of two types : 
(a) Inclosed plots, 12x24 feet, made of tightly joined creosote-treated 
boards that extended 8 inches below and the same above the ground surface. 
Units were separated by 4- to 6-foot borders of bare soil, (b) Field plots, 
of 1/40 to 1/5 acre in different series, laid out in the usual manner except 
that surface drainage was carefully eontrolled to prevent interplot washing. 
Precautions were taken in all cultural operations to avoid interplot move- 
ment of soil or crop remains. The inclosed plot series were set up primarily 
to eliminate all possible movement of disease between plots and hence to 
serve as a check on the larger field-plot series. The correspondence of disease 

i Cooperative investigations of the Division of Tobacco Investigations, Bureau of 
PlaiU Industry, Soils, and Agricultural Engineering, TJ. 8. Department of Agriculture, 
the Georgia Coastal Plain Experiment Station, the North Carolina Department of Agri- 
culture, and the Agricultural Experiment Stations of North and South Carolina. 
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counts seeiired in inclosed and field-plot series was very satisfactory 
tliroughout. Disease counts were recorded on the Disease Index basis, a 
value of 100 indicating a maximum of disease and 0 no disease. Plot lay- 
outs were of the standard randomized-block type. 

root knot 

Boot knot affects numerous cultivated crops and weeds. Because to- 
bacco is very susceptible, it serves as an excellent indicator crop and so pro- 
vides a measure of root-knot-nematode populations in the soil. Rotation 
has been a standard recommendation for root-knot control, and the use of 
crops such as Brabham cowpeas and velvet beans has been suggested. 



Eig. 1. Root knot on tobacco grown after 2 years of (a) susceptible Clay peas, 
(b) velvet beans, (c) native weeds, and (d) resistant Brabhain peas. The results cover' 
the period 1930 to 1939, inclusive, on land uniformly infested with root knot in 1926 at 
Tifton, Georgia. 

Figure 1 shows the amount of root knot in flue-cured tobacco grown after 
2 years of (a) susceptible Clay cowpeas, (d) resistant Brabham cowpeas, 
(b) velvet beans, and (c) native weeds over a 10-year period. During 1930 
and 1931, tobacco after 2 years of resistant cowpeas (d), showed slight root 
knot, while tobacco after susceptible cowpeas (a) was severely affected. In 
1933 this difference between susceptible and resistant peas disappeared, and 
throughout the remaining 7 years there was severe root knot on tobacco 
grown after both resistant and susceptible cowpeas. There was also a 
gradual increase in root knot on tobacco grown after velvet beans and after 
native weeds, with the result that the differences which were very striking 
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in 1930 were nonexistent or very slight in 1939. It might be assumed that 
resistant cowpeas, velvet beans, and weeds had become more and more sus- 
ceptible to attack by root-knot nematodes, particularly in view of the recent 
important findings by Christie and Albin (2). Careful root examinations 
w^ere made each year and there was no visible evidence that velvet beans 
and Brabham cowpeas Avere any more subject to root knot in 1939 than they 
had been in 1930. Both had slight traces of infection each year, but they 
otherwise were normal and healthy. Crops of susceptible cowpeas, how- 
ever, were so severely affected by root knot that many of the plants died by 
m idseason. 



Fig. 2. Root knot on tobacco grown after 2 years of (a) corn, (b) tobacco, (c) 
peanuts, and (d) bare fallow, from 1930 to 1939, inclusive. 

Corn also lias been recommended for root-knot control (6), and under 
field conditions it is rare to observe galls on corn roots. Figure 2 shows the 
amount of root knot on tobacco grown after 2 years of corn, peanuts, and 
bare fallow, with a continuous tobacco check for comparison. Over the 10- 
year period corn was no better than continuous tobacco, and in repeated 
tests corn has never demonstrated any significant value in root-knot control. 
The disease actually decreased to some extent in continuous tobacco plots, 
while there was a definite increase in tobacco following resistant corn. The 
I'oot-knot curves for tobacco after peanuts and bare fallow make a very 
sharp contrast with those for tobacco after the other crops. With bare fal- 
low, starvation was highly effective in reducing root-knot-nematode popu- 
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lations, and the peanut crop was much more effective in starving out the 
nematodes than any of the others discussed. 

In addition to the major crops grown during the summer, there are win- 
ter cover crops such as rye and oats that are highly resistant to nematodes, 
and others such as vetch and Austrian winter peas that are very susceptible. 
It would be expected that since the amount of root knot is reduced by bare 
fallow during the summer and generally increased by the culture of sus- 
ceptible crops, the same principle would hold for winter practices. During 



wintar follow 


YEARS 

Fig. 3. Boot knot in tobacco grown as a summer crop after (a) winter vetch and 
(b) winter fallow, from 1936 to 1942, inclusive. 

the winter some plots were kept bare and some were seeded to winter vetch. 
The root knot in 7 successive summer crops of tobacco is shown in figure 3. 
In 1936-1938 root knot was very severe in all plots, but nematode popula- 
tion began to decline after the first 3 to 4 years. After 1938 there was 
much less root knot where tobacco was grown after a winter cover crop of 
vetch. During 1940-1942 tobacco grown after vetch was practically free 
of root knot, and the vetch, which had been severely galled during the early 
years, was also healthy. These findings are presented as indication that 
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culture of susceptible crops does not always increase soil nematode popula- 
tions, and hence other very important factors are involved. 

Additional basic problems associated with root-knot control by crop 
rotation can be illustrated with data from another experiment, at McCullers, 
N* C., laid out to provide maximum protection against interplot contamina- 
tion. The units were 12 x 24 feet, and were tightly inclosed by board walls. 
Each treatment was replicated 4 times, and the mean values, with the appro- 
priate error terms, are given in table 1. 

TABLE 1. — Influence of ear crop rotations on amount of root Tcnot and yield of 

flue-cured tohaccOy lBSS and 1940 


Tobacco grown after 

Amount of disease® 

Yield of tobacco 
(pounds green weight) 

1938 

1940 

1938 

1940 

Crotalaria 

38.8 

42.8 

43.4 

70.5 

Peanuts 

41.0 

37.3 

31.0 

46.8 

Soy beans 

84.8 

59.0 

40.4 

58.4 

Velvet beans 

33.5 

41.8 

37.7 

64.1 

Sweet potato 

100.0 

95.8 

34.6 

40.4 

Cotton 

98.0 

85.8 

35.1 

48.4 

Corn 

100.0 

69.3 

25.0 

43.2 

Weeds 

84.5 

83.3 

31.3 

47.4 

Oats and weeds 

86.3 

86.5 

33,7 

45.6 

Oats and fallow 

35.3 

35.5 

30.8 

43.3 

Bare fallow 

37.3 

34.0 

29.9 

37.4 

Tobacco 

100.0 

53.5 

28.4 

46.1 

Difference required 5% level 

8.76 

17.45 

5.14 

4.31 

for significance 1% level 

11.77 

23.44 

6.90 

5.79 


a The amount of disease was recorded on the basis of 100 for maximum root knot and 
25 for minimum root knot. (Each figure represents the mean value of 4 randomized 
replications.) 

For all practical purposes a disease index value of 25 indicates complete 
freedom from root knot. The various crops w^ere grown the first and third 
years and tobacco the second and fourth. One year of uniform tobacco 
cropping before the start aided in selecting an evenly and heavily infested 
area. The results in table 1 indicate that crotalaria, peanuts, velvet beans, 
oats plus bare fallow, and bare fallow were all very effective in reducing 
nematode infestation, and the differences in nematode control between these 
treatments were not significant. The weeds that followed oats were pre- 
dominantly crab grass, and at this particular location small galls were ob- 
served on crab grass. It appears that crab grass following the oats nulli- 
fied the effectiveness of oats, and the presence of crab grass in the weeds 
probably accounts for relatively poor results obtained with the weed 
rotation. 

Practices giving good disease control and poor yields, however, w^ould 
not be practical. Bare fallow has been suggested for nematode control and 
the data have shown it to be very effective ; but in all experiments it has 
depressed yield. Tobacco grown after bare fallow was very free of root 
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knot blit the yield usually was lower than that of more severely diseased 
tobacco following corn or even tobacco. Similarly, a healthy crop of tobacco 
was grown after oats followed by bare fallow, but the yield was less than 
with the severely diseased crop after oats and w^eeds. Bare fallow has re- 
duced tobacco yield just as much as severe root knot, so that this treatment 
has not been a profitable one. Moreover, flue-cured tobacco quality was 
often lowered by bare fallow rotations, with the result that dollar returns 
per acre were still further reduced. 

It is not unusual for fields with severe root-knot infection to produce 
excellent crops of tobacco, hence it is not safe to assume that a disease of this 
sort always reduces yield. Tobacco after sweet potatoes had severe root- 
knot infection in 1938 while tobacco after peanuts was practically free of 
root knot: the yield after sweet potatoes, however, was a little larger than 
after peanuts (Table 1). Root knot consequently is just one factor deter- 
mining yield, and rotations giving maximum root-knot control would not 
necessarily be the most profitable for the grower to follow. 

Assumption that failure to adopt the most stringent control measures will 
lead to constantly increasing damage does not appear to be justified in the 
case of a disease such as root knot. Thus, the experiment reported in table 
1 was continued in 1942 and with an attack of only average severity there 
were no significant differences in the amount of tobacco root knot following 
the different rotations. 

Despite the many complications, proper crop rotation remains by far the 
most practical and effective method of controlling root knot of tobacco. 
Control must be considered on a long-time basis, however, and the results 
from limited tests confined to a 3- or 4-year period can be quite misleading. 

BACTERIAL WILT 

Tobacco is very susceptible to bacterial wilt, and the list of host plants 
includes Irish potato, tomato, pepper, eggplant, peanut, and many weeds. 
Rotation has long been the main method of control recommended, but re- 


TABLE 2,— The occurrence of wilPsusceptible weeds in 19 S 6 in relation to disease 
development in the subsequent tobacco crop in 1937 


Wilt- susceptible 
weeds per acre 

Wilt in tlie 
tobacco crop 

Wilt-susceptible 
weeds per acre 

Wilt in the 
tobacco crop 

Number 

Ter cent 

Number 

Ter cent 

0 

, 27 

6,758 

28 

40a 

27 

9,256 

28 

81 

12 

8,940a 

19 

162 

36 

74,792 

3 

324 

36 

116,278 

44 

728 

27 

140,024 

11 

761 

5 

389,976 

35 

1,011 

35 

574,312 

35 

1,492 

10 




aWilt-infected weeds were observed. 
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suits have been very uneven and failures to obtain control have frequently 
been attributed to growth of susceptible weeds in the immune crops. To 
test out this generally accepted theory weed counts were made in 17 sepa- 
rate wilt-infested fields in 1936 where growers expected to plant tobacco the 
following year. The results of the weed survey in 1936 and the percentage 
of wilt in the subsequent tobacco crops are given in table 2. 

The range from 0 to 574,312 wdlt-susceptible weeds per acre is very wide, 
but there was no correlation between the susceptible w^eed populations in 



Pig. 4. The development of bacterial wilt in tobacco following (a) tobacco, (b) 
weeds, (e) bare fallow, and (d) corn, from July 1 through September 1. 

1936 and the amount of wilt in the 1937 tobacco crop. Although many 
weeds are known to be wilt-suseeptible, positively inf eeted weeds are rarely 
observed under natural conditions. Wilt-infected weeds were observed in 
only 2 of the 17 fields in the survey. Further studies on the relation of 
iveed host plants to the occurrence of wilt in tobacco were as follows: Plots 
were laid out in infested land and tobacco was growm after (a) corn and 
susceptible w'ceds, (b) weed-free corn, (c) crab grass and susceptible weeds, 
and (d) weed-free crab grass. Both corn and crab grass are immune to wdlt. 
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Weeds in the crab grass grew poorly, bnt those in the corn grew vigorously 
and developed wilt following inoculation. These tests were repeated over 
a 4-year period and there was no difference in the amount of wilt developing 
in tobacco after weedy or weed-free preceding crops. It appears definitely 
established, therefore, that the failure of rotations with immune crops to 
give adequate wilt control in tobacco cannot be attributed to weed contami- 


Fig. 5. A. Severe bacterial wilt in tobacco grown after bare fallow. B. The com- 
paratively bealtby tobacco produced after a year of corn. 


nation. However, a natural weed fallow has been proven repeatedly to 
favor severe wilt in a succeeding crop of tobacco. The development of wilt 
in plots of tobacco grown after (a) tobacco, (b) natural weed fallow, (c) 
bare fallow, and (d) corn is illustrated in figure 4. The tobacco which fol- 
lowed a diseased crop of tobacco (a), was again severely diseased, as ex- 
pected. However, tobacco after weeds (b) and bare fallow (c) was also 
severely affected. The general trend of these three curves is strikingly 
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similar, and on September 1 all these plots were 99 to 100 per cent affected. 
Corn greatly reduced the amount of wilt in the early summer. The heavy 
carry-over of wilt in the weed-fallow and bare-fallow plots cannot be ex- 
plained on the basis of host plants, and the only possible explanation of the 
bare-fallow results is that this treatment provided conditions that favored 
persistence of the organism in the soil. Similarly the striking lack of in- 
fection after corn as compared with bare fallow (Fig. 4, c and d; Fig. 5) 
cannot be attributed solely to wilt immunity of corn. 

STEM ROT 

Boot knot and wilt are caused by a nematode and bacterium, respectively, 
while stem rot is caused by the fungus Sclerotiim rolfsii Sacc. Stem rot is 
widely distributed, but it is rare to observe a tobacco field with more than 
5 per cent of the plants affected. Peanuts and soybeans, as well as tobacco, 
are attacked by stem rot, while crops such as corn and small grains are 
highly resistant. In the rotation plots at Tifton, 6a., tobacco-stem-rot 
counts have been made each year since 1926, when the plots were laid out, 
and similar records have been kept in other rotation series since established. 
The results have been consistent in that there was no relation between the 
character of the rotation and the amount of stem rot in tobacco. There was 
no more stem rot in tobacco grown after two years of stem-rot-susceptible 
peanuts than in tobacco grown after two years of resistant corn or after a 
complete bare fallow. At McCullers, N. G., where stem rot had been excep- 
tionally severe on tobacco, in 1938, inclosed plots, 12 x 16 feet, were laid out 
in 1939 and rotations established with tobacco to follow tobacco, susceptible 
soybeans, and susceptible peanuts ; also resistant corn and oats. All i3lots 
were heavily inoculated in 1939 and about 50 per cent of the tobacco, 15 per 
cent of the soybeans, and 70 per cent of the peanuts became infected. There 
was not a single case of stem rot in 1940 in the tobacco grown after these 
severely diseased crops, despite the fact that an abundance of sclerotia had 
been formed the previous year, an apparent confirmation of the statement 
by Wolf (15) that tobacco may remain free from stem rot even though the 
soil contains an abundance of the sclerotia. Although the 1940 tobacco had 
no stem rot, soybeans and peanuts grown after the 1939 diseased tobacco 
had, respectively, 40 and 32 per cent of stem rot in 1940. In 1941 there was 
again no stem rot in the tobacco plots, and the peanuts and soybeans had a 
trace to less than 5 per cent of disease. In 1942 the various continuous 
tobacco plots had up to a maximum of 14 per cent of stem rot, as compared 
with 0 to 8.7 per cent in the tobacco grown after other crops, but none of the 
differences were significant. The conclusion is that crop rotation had little 
effect on the amount of stem rot in tobacco, and that the use of such stem- 
rot-susceptible crops as peanuts and soybeans in tobacco rotations did not 
measurably increase the stem-rot hazard for later tobacco crops. 

FUSARIUM WILT 

Fusarium wilt is a comparatively new problem for tobacco growers of 


1944] Clayton et al. : Tobacco Disease Control by Eotation 


879 


1 


the Southeast. At present it is important only in the Whiteville-Chad- 
bourne area of North Carolina, but promises to become increasingly destruc- 
tiye unless growers take suitable precautions. Armstrong (1) recently 
showed that Burley tobacco is attacked by the same organism that causes 
Pusarium wait of cotton. Smith and Shaw (13) found that certain physi- 
ologic races of the organism causing Fusarium wilt of sweet potatoes were 
able to attack both the green Orinoco varieties and the chlorotic Burley 
varieties of tobacco. The rotation experiments were not laid out with a 
view to studying the relation of crops to Fusarium- wilt occur'renee but some 
very interesting observations were made. In four separate sets of rotation 
experiments, tobacco has been repeatedly grown after both sweet potatoes 
and cotton. In the Tifton, Ga., experiment, begun in 1926, Fusarium wilt 
occurred freely during the early years on both cotton and sweet potatoes. 
In 1937 it was fii'st observed on tobacco, and in the sweet-potato rotation 
plots it has occurred in slightly increasing amounts each year since. Fusa- 
rium wilt has not yet occurred on the tobacco grown in the cotton rotation 
plots. At Florence, S. C., and other localities the rotation plots were initi- 
ated ill 1936. Fusarium wdlt has not been observed to date in the Florence 
experiment, but the disease w^as found on the Station farm where tobacco 
was being grown after a crop of sweet potatoes. At McCullers, N. C., Fusa- 
rium wilt was observed in tobacco the first year after sweet potatoes, and at 
Creedmoor, N. C., Fusarium wilt was observed in the 5th year of the sweet- 
potato-tobacco rotation. At none of these locations has Fusarium wilt been 
associated with cotton, or for that matter any crop other than sw^eet potatoes. 

DISCUSSION 

Of the four diseases studied, no two responded alike to crop rotations. 
There is considerable literature on root-knot control by rotation. Godfrey 
(6) concluded: ^^The most satisfactory method of combating the nematode 
in fields not planted to perennial crops is by the cultivation of immune crops 
for a period of two or three years and by carefully killing all weeds and 
susceptible plants in which the nematode can live. A desirable rotation is 
that where winter grains alternate with resistant cowpeas, Laredo soybeans, 
velvet beans, or beggarweed. Starving the nematodes by keeping the land 
free from all vegetation for two years is an effective control method, though 
often impractical.’^ Le Koux and Stofberg (10), as the result of a 2-year 
test, concluded that nematode infestation could be effectively checked by 
eliminating all susceptible host plants. They also reported that bare fallow 
gave the best control and highest yields. Watson and Goff (14) found 
rotation the most practical method of control. They reported bare fallow- 
ing very effective, but discouraged the practice because of detrimental effects 
to the soil. In place of this, they recommended the use of root-knot-immune 
crops, particularly crotalaria and velvet beans. The writers have found 
root knot a good disease with which to study the comparative merits of 
various crop rotations. Previous workers have indicated preference for 
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crops thought to be completely immune to root knot, but the general practice 
has been to also recommend the use of crops regarded as moderately resist- 
ant, and no data have ever been given to show the comparative merits of the 
two groups. Figures 1 and 2 in the text bring out the fact that crops such 
as corn and resistant cowpeas, although they grew normally in heavily in- 
fested soils, did not starve out the nematodes, and actually were not superior 
to ordinary susceptible crops from the point of view^ of nematode control by 
crop rotation. Consequently, whether or not these resistant crops should 
be recommended for use on nematode-infested land depends on what the 
grower wishes to accomplish. If he desires to reduce the soil nematode 
population in preparation for growing tobacco or a susceptible truck crop, 
then his choice is limited to such apparently immune crops as peanuts, 
crotalaria, and oats. There w^ere no significant differences between the 
reduction in nematode populations secured with these crops and the reduc- 
tion secured with complete bare fallows In all experiments, however, com- 
plete bare fallow reduced yields, and in one series bare fallow for merely a 
portion of the summer caused a greater yield reduction than the nematodes. 
Nematode control by bare fallow consequently would be neither practical 
nor profitable, particularly with light, sandy soils, where the nematode 
problem is most serious. So far as the writers are aware no one has called 
attention to the fact that under field conditions the nematode soil popula- 
tions not only fiuctuate from year to year but undergo gradual changes of 
great magnitude, even where the same cultural practices are followed many 
years. As would be expected, planting susceptible crops tended to build 
up maximum nematode populations, but with continued planting of suscep- 
tible crops the amount of root knot has not tended to remain constant. 
Maximum root-knot damage to plant roots in one series of continuous to- 
bacco plots occurred during 1930 to 1933, and there was much less root knot 
in these same plots during 1935 to 1939. The corn-tobacco rotation plots 
in the same experiment showed an opposite trend, which would eliminate 
the possibility that these trends were associated with weather. Further 
evidence of the existence of important factors that influence root-knot- 
nematode soil populations and are entirely separate from crop susceptibility 
or resistance appeared in the experiments with tobacco following winter 
vetch or winter fallow. Despite the fact that vetch, as well as tobacco, is 
highly susceptible to root knot, the tobacco following vetch was practically 
free of root knot for the three years 1940 to 1942. Root knot decreased 
somewhat in the winter-fallow plots, but this tobacco continued to develop 
moderate to severe root knot. Linford, Yap, and Oliveira (11) have shown 
that it is possible to reduce nematode populations in the soil by the addition 
of organic matter, and their results and those of Drechsler (3) strongly sug- 
gest that nematode -parasites may be an important factor in regulating 
nematode soil populations. The writers, however, have not obtained any 
marked nematode control by growing winter crops of rye, which under their 
conditions certainly added as much organic matter as the vetch. The note- 
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worthy difference w^as that in addition to organic matter the vetch built up 
a large reserve of nitrogen. 

The results from the bacterial wilt rotation experiments were very dif- 
ferent from those with root knot. Bare fallow, which was highly effective 
against root knot, was very ineffective against bacterial wilt. Tobacco 
planted after one year of complete bare fallow suffered almost as severely 
from wdlt as tobacco grown immediately after a diseased crop of tobacco. 
On the other hand, the culture of corn for a year greatly reduced the amount 
of wilt in subsequent tobacco. Thus, immune-plant cropping and bare 
fallow, which gave equal and effective root-knot control, were not equally 
effective against bacterial wilt. The fact that many native weeds are sus- 
ceptible to wilt has long been regarded as a complicating factor in control- 
ling wilt by immune crop rotation. In actual tests, however, there was no 
correlation between the population of susceptible weeds and the develop- 
ment of wilt in subsequent tobacco. Furthermore, despite the fact that 

i many weeds are known to be wilt-susceptible, it is rare to observe infection 
in natural weed growths on land known to be infested ; and even when 
weeds were actually planted in crops of corn and permitted to become in- 
fected, the amount of wilt in the subsequent tobacco was not increased. It 
is assumed generally that allowing infested fields to ‘^lay out’’ for several 
years fails to control wilt because some of the weeds are host plants. This 
assumption is open to question, and it may be that weed fallow merely favors 
survival of the organism in the soil. There is strong evidence that occur- 
ence and survival of Bacterium solanacearum in the soil depends to a large 
degree on factors other than culture of host plants. In the writers’ experi- 
ments there v^as abundant infection remaining in soil after four years of 
complete bare fallow, and in general, immune crop rotations tended to 
greatly reduce but never eliminate the disease. Repeated culture of tobacco 
invariably increased wilt damage to tobacco, but Eddins (4) reports that in 
Florida, where the same disease affects potatoes, new fields are most severely 
affected and after several years of potato culture, wilt damage is greatly 
decreased. It would seem that control of bacterial wilt through crop rota- 
, tion involves to only a limited degree the principle of ‘/starving out” the 

I organism. Certain crop rotation practices have been developed and used 

extensively in this country (5), and in the Dutch East Indies (9 and 12), 
which tend to greatly diminish the amount of wilt infection that carries over 
in the soil. A better understanding as to how such crops as corn tend to 
reduce wilt might make it possible to greatly improve our present rotation 
practices. 

Despite the fact that Sclerotium rolfsii lTves over in the soil from year to 
year, and that many common plants are susceptible to attack, such as pea- 
nuts and soybeans, while others, such as corn, are immune, extensive tests 
over a long period failed to show any connection between crop rotation and 
the occurrence of stem rot of tobacco. These negative results seem to indi- 
cate either that the organism is able to attack tobacco to only a limited de- 
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gree and under very special conditions, or that continnons culture of crops 
susceptible to Sderotium rolfsii does not increase the amount of infestation 
in the soil and hence that parasitism is a minor factor in the life of this 
organism. 

The results with Fusarium wilt seem especially to point to the great 
value of rotation plots set up for the study of disease control. Thus, recent 
work by Armstrong (1) and Smith and Shaw (13) clearly indicated the 
probability,that the Fusaria causing wilt of either or both cotton or sweet 
potatoes might also attack tobacco. All 3 crops are extensively grown in the 
same areas of the Southeast- The rotation results support the conclusion 
that the culture of sweet potatoes and tobacco on the same land is hazardous 
and likely to lead to the establishment of a tobacco-Fusarium-wilt problem. 
Cotton can apparently be grown in the same rotation with tobacco of the 
Orinoco type without danger from Fusarium wilt. 

CONCLUSIONS 

Considering the general problem of disease control by crop rotation, these 
studies appear to justify the following conclusions : 

The degree of disease control secured from crop rotation will vary con- 
siderably depending upon the year, the location, and the disease, as well as 
upon the nature and length of the rotation. A grower may rotate bacterial- 
■wilt-infested land with the utmost care, and still suffer severe losses from 
wilt in occasional years, or in certain fields. 

Kesistant crops are not necessarily superior to susceptible crops as a 
means of reducing the carry-over of disease in the soil. Soil nematode 
populations w^ere just as large after a crop of resistant corn as after a crop 
of susceptible tobacco. How^ever, root knot was consistently reduced by the 
use of immune crops. 

The occurrence of disease was generally related to the previous occur- 
I’ence of host plants but the exceptions were important. There was as much 
stem rot in tobacco grown after stem-rot-immune corn as in tobacco grown 
after stem-rot-susceptible soybeans. 

It was not true that complete elimination of all plants (bare fallow) 
favored mOvSt rapid elimination of all soil-borne parasites. Bacterial wilt 
infection survived better in the bare fallow plots than in plots which grew 
crop plants. 

Rotations that affect the carry-over of soil-borne disease have other im- 
portant effects on crop yields. Rotations favorable from the nutritional 
viewpoint may give high yields occasionally despite extensive disease devel- 
opment. Bare fallowing reduces root-knot-nematode populations but also 
depresses yields. Therefore, the figures for crop yield and the amount of 
disease are not always closely parallel, and rotations that are effective in 
disease control but reduce yields obviously have little value. 

Rotation is the only practical method available for combating many 
serious diseases and the importance of developing rotation practices that 
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definitely aid in disease control is apparent. It is not possible to generalize 
witb respect to rotation and disease control, for each disease presents its own 
special problem. The results from rotation experiments show wide fluctua- 
tions, hence data from isolated tests may be quite misleading. Eeliable con- 
clusions can be drawui only from controlled experiments under a variety of 
conditions and over a number of years. Considering the field of disease 
control as a whole, it appears that such data are conspicuously lacking. 
Plant Industry Station, 

Beltsvillb, Maryland. 
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STEM RUST ON NEW WHEAT VARIETIES AND HYBRIDS^ 


Helen Hart 

(Accepted for publication February 28, 1944) 

Since 1925 increasing numbers of stem-rust-resistant wheats have been 
bred and distributed in the United States. It has been customary to grow 
plant populations in the field under both natural and artificial rust epi- 
demics for several years before a variety is considered adequately tested for 
rust reactions. In recent years there has been a growing tendency to test 
seedlings of the most promising materials to known physiologic races of rust 
maintained in pure culture in the greenhouse. Thus it is possible to deter- 
mine the reactions of the new lines to the physiologic races of rust prevalent 
during the years in which the new hybrid populations were developing 
before the wheat is ever released. In spite of thorough testing, previously 
unimportant or new physiologic races or biotypes of races may be especially 
virulent on the new lines. Within a few years these virulent races may 
increase to such an extent that the new wheats no longer resist rust when 
grown in the localities for which they were bred. 

An outstanding example of the change in rust population occasioned by 
the use of a new wheat variety is that of race 56 of Piiccinia graminis tritici 
and Ceres wheat (6, 15, 19). Ceres was distributed in 1926, and by 1934 it 
was growui on an estimated four and one-half million acres (2). In 1928 
race 56 w’’as first identified, and by 1934 that race made up 35 per cent of the 
stem-rust population (19). Race 56 continued to occupy first place among 
the stem-rust races identified in succeeding years (19) and was especially 
virulent on Ceres. In 1935 and 1937 race 56 was so destructive to Ceres 
that farmers in the eastern part of the spring-wheat area reduced acreages, 
and the extensive plantings of that variety were pushed westward to the 
drier parts of the spring- wfieat area where rust epidemics -were less frequent. 
Another example of the interrelations of hosts and rust races is to be found 
in Puccinia graminis avenue and oats. New oat varieties, wdth stem rust 
I’esistanee from a Richland parent, are susceptible to race 8 of oat stem rust. 
Stakmaii and Loegering (16) call attention to the greater prevalence of 
race 8 in 1943 and point out the probable increasing importance of that race 
if the new oat varieties supplant those now grown. 

ARTIFICIAL STEM-RUST EPIDEMICS IN THE FIELD 

Between 1939 and 1943 many of the stem-rust-resistant wheat varieties 
and hybrids were grown experimentally at University Farm, St. Paul, 

1 Paper 2184 iti the Scientific Journal Series, Minnesota Agricultural Experiment 
Station. Assistance in the work was furnished by the personnel of Work Projects Ad- 
ministration, Official Project No. 265-1-^71-236, Subproject No. 491, sponsored by the 
University of Minnesota. 

ITie author is indebted to Dr. E. R. Ausemus, Dr. K, S. Quisenberry, Dr. E. C. Stak- 
man, and Mr. W. Q. Loegering for materials used during the experiments; and to Mr. 
Donald Fletcher and Mr. E. N. Nelsen of the Rust Prevention Conference for assistance 
in photographing materials. 
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Minnesota, to see if they would remain rust-resistant when subjected to 
variations in environment and to early and heavy rust inoculum. Nearly 
40 varieties of wheat considered highly or moderately resistant to stem rust 
under normal growing conditions and a few of the standard rust-susceptible 
varieties were obtained at various times through the courtesy of the Division 
of Cereal Crops and Diseases, Bureau of Plant Industry, United States De- 
partment of Agriculture and the Division of Agronomy and Plant Genetics 
and the Division of Plant Pathology and Botany, Minnesota Agricultural 
Experiment Station. Pure cultures of 11 physiologic races oi Fuccinia 
graminis tritici were furnished by collaborators in the Division of Plant 
Pathology, Minnesota Agricultural Experiment Station and the Bureau of 
Entomology and Plant Quarantine, United States Department of Agri- 
culture. 

Two sowings, sometimes three, were made each year, the first one as early 
as weather and soil conditions permitted. Sowings were duplicated in 1941 
and 1943 and quadruplicated in 1939, 1940, and 1942. Numerous borders 
of stem-rust-susceptible Hard Federation wheat surrounded each plot of 
randomized rust-resistant varieties ; and the borders served to establish and 
increase the stem-rust inoculum put there at regular intervals by means 
of hypodermic syringes. Experimental varieties never were inoculated 
directly, but none of the test varieties were more than 25 feet from the first 
rust infection centers in the borders; and by the time the borders were 
severely rusted no experimental plant was more than 5 feet from rust 
inoculum. 

Most of the physiologic races of stem rust chosen for study were preva- 
lent throughout the United States between 1930 and 1940 (17, 18, 19) : races 
10, 11, 15, 17, 21, 34, 36, 38, 49, 56, and 147. Bace 19 was use(i also, but 
since Hard Federation is resistant to this race, there was not sufficient inocu- 
lum of it to spread to the experimental varieties. Biotype B of race 15 has 
been used since 1940 because it has been isolated from a number of rust col- 
lections throughout the United States and is virulent on Bival, on Vernal 
emmer, and on some of the Kenya wheats (8, 19). Bace 147 was included 
because of its virulence on Vernal emmer, used in durum- wheat-breeding 
work by reason of its resistance to many of the other physiologic races of 
stem rust. . 

Pure cultures of each race were grown in the greenhouse during March 
and April, so that sufficient quantities of viable urediospores could be col- 
lected and stored in an icebox for a few weeks prior to field inoculations. 
Between May 20 and 27, as soon as Hard Federation plants had 3 or 4 leaves, 
groups of 3 culms throughout the borders were inoculated by hypodermic 
syringe with freshly prepared suspensions of urediospores in distilled water. 
Each race was suspended and inoculated separately and the clumps were 
tagged, so that it was possible to ascertain that all races developed about 
equally well and contributed approximately equal quantities of inoculum 
for spread to the experimental varieties. Within 7 to 10 days after the first 
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border inoeulatioiis, rust spores were produced in abundance and tlie rust- 
resistant varieties were exposed to inoculum fully 8 to 12 days earlier than 
the natural and less abundant stem-rust inoculum usually is blown into the 
St, Paul area. Border inoculations, two or three times each ^veek, con- 
tinued through June 25, as long as any of the Hard Federation plants re- 
mained in the boot and suitable for retaining the suspension of inoculum. 
Bust spread rapidly in the susceptible borders and to certain of the experi- 
mental varieties. Most of the experimental varieties, however, did not rust 
for 12 to 18 days after rust inoculum was spreading from primary infection 
centers in the border; and the time elapsing depended to great extent on the 
temperatures prevailing in early June. Low temperature delayed sporu- 
lation. 

All varieties were examined frequently and whenever large uredia, indi- 
cating susceptibility, appeared on a variety, collections w^ere made to deter- 
mine which physiologic races were attacking the variety and w^hich were 
potentially dangerous for it. Small, poorly developed pustules, indicating 
a more or less resistant reaction, were disregarded because they w^ere not 
considered dangerous or particularly injurious under ordinary conditions. 

STEM RUST IN FOUR WIDELY GROWN WHEAT VARIETIES 

In 1939 three varieties of hard red spring 'wheat 'were grown over exten- 
sive acreages in the United States (1). Approximately three and one- 
quarter million acres were planted to Marquis (C.I. 3641), more than three 
and one-half million acres to Ceres (C.I. 6900), and about five and one-half 
million acres to Thatcher (C.I. 10003). Eival (C.I. 11708) was relatively 
new in 1939 and was planted on about 1,000 acres (1, 21), but since that 
time has become more important and is more widely grown in the spring 
wheat area. 

Marquis has been susceptible to many of the physiologic races of Puceinia 
gram inis tritici described (20) and usually is heavily rusted in the field 
unless inoculum is scarce and environmental conditions are very unfavor- 
able for stem-rust development. Ceres remained moderately resistant to 
stem rust for a number of years after it was released ; but it is particularly 
susceptible to race 56, so that since 1934, when race 56 surpassed all other 
races in prevalence throughout the Mississippi Valley (18), Ceres often has 
been as heavily rusted as Marquis in the field. Thatcher has been resistant 
or moderately resistant to many of the stem rust races that attack Marquis ; 
consequently it had largely replaced Marquis and Ceres by 1939. Between 
1934 and 1940 rust infection was light in Thatcher unless that variety was 
planted unseasonably late. Eival also is resistant to many of the physio- 
logic races of stem rust, and prior to 1940 it was not heavily rusted in the 
field. 

Table 1 gives the amounts of stem rust in, and the stem rust races identi- 
fied in collections from, the four varieties grown at University Farm, St. 
Paul, Minnesota, in plots provided with abundant inoculum each year from 
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1939 through 1943. Stem rust developed well on Marquis and Ceres every 
year, the percentages of infection varying* with date of sowing, with prox- 
imity to early inoculum, and with environmental factors during a growing 
season. In 1940, 1942, and 1943, more stem rust developed on Thatcher and 
Eival under these conditions than had ever occurred before ; and in 1940 and 
1942 there was definitely more rust in late plantings of these two varieties 
than in early plantings. In 1940 there was 65 per cent stem rust on late- 
sown Thatcher and 80 per cent on Eival ; and in 1942 there was only slightly 
less on late sowings of both varieties. 

All four varieties were infected wuth several different physiologic races 
of stem rust, from 2 to 7 races being identified each year in collections from 



Fig. 1. The susceptible reactions of leaf sheaths and peduncles of (A) Eival and 
(B) Thatcher wheats to race 15 B of Puccinia graminis tritici. From, field plots at Uni- 
versity Farm, 1943. 

a single variety. As reported previously (6, 15, 19), Ceres was an excep- 
tionally good host for race 56, and in most years that race predominated in 
the rust collections from this variety. On Thatcher and Rival, however, 
race 15 predominated between 1940 and 1943 ; and in 1943 it was the only 
race obtained from these two hosts. Eace 15 has a relatively wide host 
range, for it attacks 11 of the 12 varieties used as differential hosts for physi- 
ologic races of Puccinia graminis tritici, only Khapli emmer being resistant 
to it (20). Eival wheat acts as a differential host for biotypes of race 15, 
because it is resistant to biotype A and susceptible to biotype B (8). Bio- 
t.ype B of race 15 was first included in the inoculum in 1940, and in that year 
and subsequently it was a definite factor in causing rust on these four wheat 
varieties and many others in the experimental plots. Susceptible reactions 
occurred in Thatcher and Rival (Fig. 1) as well as in Marquis and Ceres, 




Hart; Stem Eust on Wheat Varieties and Hybrids 


all nreclia on leaf sheaths and peduncles being well developed and without 
the signs of resistance that are so evident when Thatcher and Eival are 
attacked by less virulent rust races. 


STEM RXJST in VARIETIES OF COMMON WHEAT CONSIDERED 
RESISTANT TO STEM RUST 

A number of the new hybrid varieties that have been resistant to stem 
rust under farm field conditions were available in 1940 or 1941, among which 
were the ten varieties or selections listed in table 2. Of these, Hope proba- 
bly has been the most resistant to stem rust over a period of years and while 


Eig. 2. Susceptibility to stem rust in (A) Apex, (B) McMurachy’s Selection, (0) 
Eenown Selection, (D) Premier, (E) Pilot 13, and (F) Begent Selection at University 
Farm, 1943. 



34 


*2 2 

-2 g 

tie S 

• M 

TS CO 

o o 

<W 'rt 


c3 nS 
>■ CD 

qS 

iSfl 

d 0) 

5n 


CO 5H 

P3 o 

ll 


Ph 
d § 
o 

a& 


:<1: B 


Phytopathology 


•fVOL. 


CO io CO lo 
rH UD tH CO lO CO r-f 


O O 
CO 

OO io 


VO VO CO VO 

OJ tH rH 01 

i vA vi 4 

C<3 03 


o 

VO 

VO 

VO 

VO o 

VO 

o 

o 

o 

03 

rH 

tH 

0j3 

rH CO 

03 

1 

03 

rH 

03 

VO 

,1 

03 

o 

VO CO 

1 

o 

VO 


o 

tH 


rH 

03 


03 



iH 


lo CO & ^ Tt( vb 

tH CO tH C.0 CO t-1 


vb u:) vb 

CO r— ( rH tH rH 


vb CO vb vb 

tH VO tH tH 


0 VO 

CO CO 

1 d> 

VO r~i 


o o o 

CO o CO 

■ 1 I 

o o o 

VO Cl VO 


O O VO 

CO CO 

VO VO 00 


I 1 


O CO 


Eh H 


O 

&H 


CO 03 

o >l 

03 ^ 


w 


CO o 
CO S 

o ®> 

w ri' 



1944] Haet: Stem Bust on Wheat Varieties and Hybrids 891 

it has too many defects to be an acceptable commercial wheat it has been 
used extensively as rust-resistant parental material for breeding new wheats. 
McMurachy’s Selection also has been considered an excellent source of stem- 
rust resistance (10, 13) . Most of the others listed in table 2 were bred from 
crosses made between 1925 and 1935, and in some eases there has been re- 
selection for greater stem-rust resistance. All are considered moderately 
resistant to stem rust at present, but not all have been released or are recom- 
mended for commercial production. Apex, Eenoivn, and Regent are grown 
commercially in Manitoba, Saskatchewan, and Alberta in Canada (10) and 
to a limited extent in the United States. Pilot has been grown on small 
acreages in the western part of the spring-wheat area of the United States 
(1, 21), and Vesta has been recommended for the western part of North 
Dakota (22). 

The highest percentages of stem rust developed on varieties of this group 
in the late plantings of 1942. In that year even Hope, McMurachy’s Selec- 
tion, and Regent Selection had moderate rust infection and the other varie- 
ties were heavily rusted. Race 15 biotype B was responsible for most of the 
infection in 1942 and 1943, although race 34 was about as virulent as race 15 
on Hope. In 1943 race 34 was the second most prevalent race according to 
identifications of rust from these varieties ; and on Hope and Premier it was 
identified more often than race 15. 

There were susceptible reactions in most of these varieties, for uredia 
were large and sporulated well and there was no chlorosis of tissues around 
the uredia (Pig. 2). Renown and Regent Selections were only moderately 
susceptible in the field, because many of the uredia were rather smell 
although sporulation was good and there was no chlorosis (Pig. 2). Since 
race 15 B was identified in collections from all these varieties in the field 
plots, seedling reactions w'ere determined in the greenhouse. No variety in 
this group was resistant to race 15 B; the infection type on seedlings of 
Premier and McMurachy’s Selection was 3-, but it was 3-h- to 4+ on other 
varieties. 

STEM BUST ON EECENT HYBRIDS AMONG THE COMMON WHEATS 

Multiple crossings have been made to combine desirable characters for 
quality and disease resistance of several promising wheats in one or more 
hybrids that will be satisfactory in all respects. Newthateh (C.I. 12328), 
which is now being released to farmers in Minnesota, was produced by cross- 
ing Hope and Thatcher and backerossing the progeny to Thatcher twice. 
Several lines of similar hybrids exist, with varying degrees of resistance to 
both stem and leaf rusts. In other instances Thatcher or Double Cross have 
been crossed with H44, the sister selection of Hope, or with Merit which 
originated from an H 44 x Ceres cross. Mida (C.I. 12008) was produced 
by crossing a selection from a Ceres-Hope-Florenee combination with a selec- 
tion from a Ceres-Double Cross combination. And in another case Reliance, 
Hope, and Comet have been used to produce a hybrid (C.I. 12050) . 



a A range in percentage is given because there was considerable variation according to proximity to early inoculum, 
t The ex];>onent indicates the number of times a race was identified in collections from a variety. 
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Many of these hybrids were supplied the author^ and the results with a 
few of them are given in table 3. Most striking is the virulence of biotype B 
of race 15 and the preponderance of that race in all rust collections from 



Eig. 3. Susceptibility to stem rust in (A) Merit x Thatcher hybrid (Minn. 2705) ; 
(B) a Beliance-Hope iX Comet-Beliance-Hope hybrid (Minn. 2716 or C.I. 12050); (C) 
Mida; (D) Newthatch; (E) lumillo; (F) Stewart; (G) a Mindumx Vernal hybrid 
(Minn. 2717) ; and (H) Triticum timopTieevi at University Farm, 1943. 

these hybrids from 1941 through 1943. The susceptible reactions of four 
of the hybrids from the field plots are shown in figure 3. 


2 Dr. B. a, Ausemus, Division of Cereal Crops and Diseases, United States Depart- 
ment of Agriculture, kindly furnished seed of these hybrids. 
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STEM RUST ON DURUM WHEATS, ON DURUM-EMMER HYBRIDS, AND 
ON TRITICUM TIMOPHEEVI 

The diirums Acme and lumillo have considerable resistance to stem rust, 
lumillo was crossed with the common wheat Marquis to obtain the steni-rust- 
resistant Marquillo (5) ; and lumillo also went into the double cross (Mar- 
quis-Kanred xMarquis-Iumillo) from which Thatcher came (4). In years 
past both Acme and lumillo have been lightly rusted in the field, but in 1942 
both varieties were heavily rusted, especially in late plantings, and race 15 B 
was identified in all rust collections from the two wheats (Table 4). In 
1943 the percentages of rust infection were not so high, but race 15 B again 
seemed to be responsible for a large part of the rust. 

TABLE 4. — The development of stem rust and the physiologic races responsible for 
stem rust in durum wheats, in Vernal emmer, and in Triticum timopheevi 


Percentage^ of stem rust in each sowing and physiologic raees^ 
of rust identified 


Variety or hybrid 
and C.I. No. 

1942 

1943 

Seeding date 

Rust 
races , 

Seeding date 

Rust 

races 

Apr. 14 

May 4 

May 25 

Apr. 20 

May 4 

Acme, 5284 

I 10-40 

40-50 

60-80 

! 15« 

20-25 

15-18 

15" 

lumillo, 1736 

8-30 

15-40 

65-80 

15= 

5-25 

15-25 

11 








15" 








34" 

Mindum, 5296 

10-30 

55 

65-75 


30-40 

25-35 

15 








34" 

Vernal, 3686 

Tr-20 

30-40 

35-55 


2-8 

15-20 

15" 

Carleton, 12064 

15-30 

60-70 

60-70 

15^ 

25-30 

20-30 

15« 

Stewart, 12066 

10-35 

55-65 

55-70 

34 

25-30 

20 

15" 





15" 




Mindum x Vernal, 

8-30 

40-50 

40-80 

15« 

15-20 

10-25 

147 

12225. ■ 







15" 

T. timopheevi, 11802 

Tr-15 

3-25 

25-40 

15" 

10-15 

10-25 

15" 


a jV range in percentage is given because there was considerable variation according to 
proximity to early inoculum. 

b The exponent indicates the number of times a race was identified in collections. 


Sust-resistant durum wheats have been bred for the Red River Valley 
area of Minnesota and North Dakota and other sections of North and South 
Dakota by crossing the high-quality Mindum variety with the stem-rust- 
resistant Vernal emmer, then backcrossing the progeny to Mindum. Two 
new varieties, Carleton, C.I. 12064, and Stewart, C.I. 12066, have been 
named and released by the North Dakota Agricultural Experiment Station 
in cooperation with the Division of Cereal Crops and Diseases in the United 
States Department of Agriculture (14). They resemble the Mindum parent 
in growth habit and are late in maturing at St. Paul, In 1942 the parents 
and hybrids were heavily rusted in the author’s experimental plots and bio- 
type B of race 15 was prevalent (Table 4). Again in 1943, when stem rust 
was moderately heavy, race 15 B was more often isolated than any other 
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race. Both parents are susceptible to both known biotypes of race 15, so one 
would not expect the hybrids to be resistant. Whether biotype B may be 
more destructive to these wheats than biotype A over a period of years is 
not 3 ^et known, but all the hybrids had very susceptible reactions to stem 
rust in 1943 (Fig. 3), when race 15 B was prevalent in the experimental 
field plots. 

Triticum timopheevi, considered highly resistant to stem and leaf rust 
and to several other diseases as well, was brought to the United States for 


TABLE 5. — The development of stem rust and the physiologic races responsible for 
stem rust in six Kenya wheats in 1943 


Kenya hybrid and accession No. a 

Percentage^ of stem rust in each sowing 
and physiologic races^ of rust 
identified 

1943 


Seeding date 

Rust 


Apr. 20 

May 4 

races 

Kenya 122DI(I) (L), R.L. 1373, Minn. 2693 

2-15 

1 Tr-2 

15'' 



34« 

Kenya 117EB(I), R.L. 1374, Minn. 2694 ; 

15-30 

15-18 

15 

34 

Kenya 117B5B(E), R.L. 1375, Minn. 2695 

15-20 

10-25 

56 



15" 




34" 

Kenya 117K16A(L), R.L. 1376, Minn. 2697 

25-35 

10-35 

56 



15" 




34" 

Kenya 117I.5E.(L), R.L. 1377, Minn. 2696 

8-30 

15-25 

34 

15" 

Kenya 58 

15-25 

Tr-1 

15 



34" 


a The first designation for each wheat is that used by G. J. L. Burton of Kenya 
Colony, East Africa; the second is the number used by the Dominion Rust Laboratory, 
Winnipeg, Manitoba, Canada; and the third is the number used by the Minnesota Agri- 
cultural Experiment Station. Kenya 58 was obtained. from M. N. Levine of the Division 
of Cereal Crops and Diseases, United States Department of Agriculture, who received it 
from R. J. Lathbury of Kenya Colony. 

A range in percentage is given because there was considerable variation in rust 
according to proximity to early inoculum. 

« The exponent indicates the number of times a race was identified in collections from 
a variety. 

breeding purposes, so that it might be crossed with other species of Tritimm 
and contribute genes for its high degree of disease resistance to the progeny. 
The development of stem rust on T. timopheevi in 1942 and its moderate 
susceptibility to race 15 B has been reported by the author (3). In 1943 
T, timopheevi again rusted (Fig. 3), although not so heavily as in 1942 ; 
and race 15 B was the only race identified in four collections (Table 4). 


Both lumillo and Triticum timopheevi probably may be regarded as 
differential hosts for the two biotypes of race 15. In various experiments in 
Canada one or both of these wheats have been very resistant to race 15 (7, 
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11, 12), and it has been assumed that the Canadian race 15 was different 
from the race 15 B used in the present experiments. Seedlings of Inmillo 
inoculated in the greenhouse at St. Paul, Minnesota, had a 3 ++ infection type 
with race 15 B, while those of T. timopheevi had a 3+ infection type. 

STEM RUST ON KENYA WHEATS IN 1943 

Some of the wheats from Kenya Colony in East Africa have been re- 
ported very resistant to stem rust in North America (13) and in Australia 
(9). They are considered good breeding material in this respect. Six of 
the Kenya wheats were planted in the experimental plots in 1943. Nearly 
all were late maturing and were susceptible to leaf rust. Stem rust infec- 
tion was not particularly heavy (Table 5), but some of the stem rust uredia 



Fig. 4. Susceptibility to stem rust in (A) Kenya 117EB(I) and (B) Kenya 
117K16A(L) at University Farm, 1943. 

were large and sporulated so abundantly as to indicate a definite suscepti- 
bility (Fig. 4). Races 15 B and 34 were identified from rust collections 
from these wheats, and race 34 predominated. When race 15 B was identi- 
fied, it usually was mixed with race 34 and constituted the smaller propor- 
tion of each collection. Peterson, Johnson, and Newton (13) found the 
Kenyas resistant to races 15 and 34 at ordinary temperatures and Watson, 
in genetical studies on the inheritance of the Kenya type of stem rust resis- 
tance, reported (23) his parental Kenya resistant to races 15 and 34. Later, 
however, Johnson and Newton (7) found that high temperatures made a 
Kenya selection, as well as some other wheats, susceptible to races 15, 29, 
and 56. They believe that temperature differences are responsible for many 
of the discrepancies in rust reactions of such wheats as the Kenyas at Winni- 
peg, Manitoba, at St. Paul, Minnesota, and at Manhattan, Kansas. Kenya 
seedlings were inoculated by the author with the biotypes of races 15 and 34 
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available at University Farm. Five of the Kenya hybrids were moderately 
susceptible to race 15 B, with 3 or 3+ infection types; while the hybrid 
Kenya 58 had 0 ; and 1 infection types and was resistant to race 15 B. When 
inoculated with race 34, seedlings of three of the Kenyas (Minn. 2695, Minn. 
2696, and Minn. 2697) were moderately susceptible, with 3 or 3+ infection 
types; but seedlings of one Kenjm, (Minn. 2693) were resistant, with 1+ in- 
fection type. In one hybrid (Minn. 2694) some of the seedlings had 1-h- 
infection types with race 34, while other seedlings in the same pots had 3+ 
infection types. 


THE reactions OP WINTER WHEAT HYBRIDS TO RACE 15 B 


For the winter- wheat areas of the United States certain stem-rust-resis- 
tant hybrids have been produced by crossing a resistant parent such as Hope 
or Marquillo with winter wheats such as Oro, Tenmarq, Kawvale, or a Tur- 
key selection. Seventeen such hybrids and 4 Kawvale x Tenmarq hybrids, 
together with the variety Pawnee (C.I. 11669), were sent to Minnesota for 
resistance studies.^ 

In 1943 vernalized seed of the 22 winter wheats were planted adjacent 
to the experimental plots of spring wheats. Thus the winter wheats were 
exposed to the rust inoculum provided for the other plots, and all 22 were 
well rusted by the time the plants had stooled. Since vernalization did not 
result in a general production of fruiting culms, stem rust on the leaf blades 
was collected for the determination of races attacking the hybrids. Eace 
15 B was identified in 14 of the 21 collections and race 34 occurred in 8 of 
the 21. Field reactions agreed very well with the greenhouse reactions of 
seedlings to these rust races. Seedlings of all were very susceptible to race 
15 B, with infection type varying from 3+ to 4+; and all were moderately 
susceptible to race 34, infection types in that ease varying from 3 = to 4-. 


DISCUSSION 


Epidemics of wheat stem rust in the Mississippi Valley now are less fre- 
quent and less severe than formerly, because of the eradication of barberries, 
the changes in cropping systems, and the use of rust-resistant wheats. There 
is no assurance, however, that other severe outbreaks of stem rust may not 
occur in the future. The development of an epidemic depends on the pres- 
ence of viable and virulent inoculum near the growing host and on the en- 
vironmental factors that favor infection throughout the growing season. 
With eradication of barberries there has been a great decrease in the 
quantity of inoculum that once was produced rapidly and in abundance in 
many local areas. There probably has been a decrease in the diversity of 
inoculum as well, because many different physiologic races of stem rust may 
arise on the barberry through hybridization between existing races of Pwc- 
cinia graminis. The growing of resistant varieties of wheat has reduced the 


3 Seed was supplied by Dr. K. S. Quisenberry, Division of Cereal Crops and Diseases, 
United States Department of Agriculture, cooperating with the Agricultural Experiment 
Stations of Kansas and Nebraska. 
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chances for rapid multiplication of inoculum and helped to change the popu- 
lation trends of many of the commonly occurring physiologic races of rust. 
The classic example of the effect of a new wheat on the rust population is the 
discovery and rapid increase in prevalence and destructiveness of race 56 
following the release and extensive planting of Ceres wheat. Environment 
plays as great a part in the development of an epidemic of stem rust as does 
abundant virulent inoculum. Even with early and abundant inoculum of 
numerous virulent physiologic races of stem rust, the percentage of infection 
in a variety varies from season to season and even within a season. The year 
1942 was exceptionally favorable for development of the artificial epidemic 
of stem rust, but even in that year conditions were less favorable for rust 
development early in the season than later. 

Pace 15 B of Puccinia graminis iritici was identified in several stem- 
rust collections from different parts of the United States, particularly near 
barberries. It is not one of the most prevalent races of stem rust but is 
potentially dangerous for the great majority of the wheat varieties and 
hybrids being bred for various parts of the Mississippi Valley. The varie- 
ties now grown in the spring wheat area also are susceptible to race 15 B, 
but on those hosts many different rust races are competing. Should there 
be a decided shift to some of the newer hybrids that are susceptible to race 
15 B and resistant to the now prevalent races, there would be far less com- 
petition among races and more chance for an increase of race 15 B. Many 
of the breeding materials used as rust-resistant parents are moderately to 
highly susceptible to race 15 B. Among these, are Hope and H 44, most of 
the Kenya wheats, lumillo durum, Vernal emmer, and Triticum timopheeviy 
Eelatively few wheats are highly resistant to race 15 B and most of these 
have certain undesirable characters. If biotype B of race 15 once becomes 
well established in the Mississippi Valley, which is not at all improbable, it 
may be very destructive to many of the new winter- wheat hybrids, to all the 
spring- wheat varieties now grown commercially, to most of the newer varie- 
ties and hybrids of hard red spring wheat, and to the new durum varieties. 
Susceptible hosts would be well distributed over the entire central and 
northern parts of the Mississippi Valley. With an increase in inoculum of 
race 15 B and with a wide distribution of susceptible wheats, it would be 
necessary to rely chiefly on environmental factors for the prevention of 
future stem-rust epidemics until resistance to race 15 B could be incorpo- 
rated into other desirable wheats. 

University Farm, 

St. Paul, Minn. 
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INVESTIGATIONS ON THE TEANSMISSION OP BIG VEIN 

OF LETTUCE 

Boss C. Thompson,! S. P. Doolittle,i and 

FloydF.Smith2 
(Accepted for publication April 20, 1944) 

Big vein of lettuce was first described by dagger and Chandler.^ They 
stated that the disease caused considerable loss to lettuce growers in the 
Imperial Valley of California. They advanced no theory as to the cause of 
the disease but reported that it was soil-borne and that partial sterilization 
with steam or formaldehyde would eliminate it. However, they presented 
no experimental data on soil transmission. 

Big vein has been present in lettuce breeding stocks in the greenhouse 
and in field plots both at Beltsville, Md., and at Arlington Farm, Va., ever 
since the lettuce breeding work was begun at Arlington in 1929. Observa- 
tions made on field trips to the principal lettuce-growing sections of the East 
during the past several years have indicated that big vein is widespread in 
the field. 

Although the losses in breeding stock resulting from big vein have been 
small, it is always present in the greenhouse during the cooler parts of the 
year. Observations by Thompson and Doolittle^ indicate that there is a tem- 
perature above which leaf symptoms are masked. The abnormal appear- 
ance of plants affected with the disease interferes with selection for type. 
Numerous tests of progenies from seed harvested from big-vein plants have 
yielded no evidence that the disease is seed-borne and its appearance in the 
greenhouse has suggested both soil transmission and dissemination by insects. 

Since dagger and Chandler reported on the disease in 1934, there have 
been no published data on the transmission of big vein. The present work 
began in the fall of 1942. It seemed possible that insect vectors might exist, 
so arrangements were made with the Bureau of Entomology and Plant 
Quarantine for cooperative studies and Floyd F. Smith of the Division of 
Truck Crop and Garden Insect Investigations studied possible insect vectors. 
Transmission through the soil and by mechanical means was studied by Boss 
C. Thompson and S. P. Doolittle of the Division of Fruit and Vegetable 
Crops and Diseases. 

LACK OF TRANSMISSION BY MECHANICAL INOCULATION 

Up to the present, all attempts to produce big-vein symptoms by mechani- 

1 Horticultiirist and Senior Pathologist, respectively. Bivision of Fruit and Vegetable 
drops and Diseases, Bureau of Plant Industry, Soils and Agricultural Engineering, Agri- 
•cultural Beseareh Administration, Beltsville, Md. 

2 Entomologist, Bureau of Entomology and Plant Quarantine, Agricultural Besearcb 
Administration, Beltsville Besearcb Center, Beltsville, Md. 

3 dagger, I. C., and Norman Chandler. Big vein of lettuce. Phytopath. 24: 1253- 

1256. 1934. 

4 Thompson, B. 0,, and S. P. Doolittle. Influence of temperature on the expression 

of big vein symptoms in lettuce. Phytopath. 32: 542-544. 1942. 
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cal inoculation Lave been unsuccessful. Plants have been inoculated by leaf- 
rubbing with the use of carborundum powder, and by insertion of crushed 
tissue in incisions at the juncture of the petiole and stem. Roots were inocu- 
lated by dipping, as well as by cutting and crushing the roots while im- 
mersed, in juice extracts from big-vein-inf ected plants. Roots appearing at 
the opening in the bottom of the pots were inoculated by crushing and also 
by pricking the juice extract into larger roots. Other inoculations were made 
by injuring the roots with a spatula driven into the soil during the process. 
Crushed leaf tissue of big-vein-infected plants also was placed in the soil 
directly below the roots. 

A total of 136 plants were inoculated by one or another of these methods. 
The inoculated plants were all held for 50 to 60 days at temperatures favor- 
able to the appearance of the disease but no evidence of big vein occurred. 




SOIL TRANSMISSION 


During the winter of 1941 nearly every lettuce plant in about 300 ten- 
inch pots in the greenhouse had the typical symptoms of big vein. After the 
seed from these plants was harvested the soil was removed from the pots and 
after mixing, was stored in open bins in the field. This soil was used in tests 
during the winter of 1942-43, to determine whether big vein could be trans- 
mitted by this soil and, if so, whether steam sterilization would inactivate 
the causal agent. 

A quantity of this soil that had previously grown big-vein plants was 
brought to the greenhouse in the late fall of 1942. It was divided, and one- 
half was steamed for three hours at approximately ten pounds pressure. 

The other half was left untreated. 

In each of 3 tests on the soil transmission of big vein, 50 six-inch pots 
were filled with untreated soil and 50 with steamed soil. Lettuce sown in 
the two kinds of soil was transplanted to the respective soils, one plant in 
each pot. The pots were set on clay dishes to prevent possible contamination 
of the potted soil from the soil in the benches. 

The 3 series were set up and handled in the same way, except that in 
series 3, the original untreated soil was not used. This series was started 
December 29, 1942, on the day that series 1 terminated. Soil from the un- I 

treated pots in series 1, in all of which big vein had appeared, was used for 
the untreated part of series 3. This soil was removed from the pots, mixed ^ 

thoroughly, passed through a J-inch mesh screen to remove most of the I 

lettuce roots, and returned to the pots. In other respects the 3 series v^ere 1 

comparable except for date of planting. 

A summary of the data from the 3 tests is in table 1. The data indicate | 

clearly that big vein of lettuce is soil-transmitted and that the causal agent | 

can be inactivated by steam treatment as stated by dagger and Chandler. 

From 38 to 51 days were required for the first plants to show symptoms !j 

of big vein, and a much longer time (88 to 127 days) for some of the plants I 

to develop symptoms. Were it not for the fact that all efforts to transmit 
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TABLE l.—Summamed data from 3 tests on soil transmission of Mg vein of lettuce, 
in 194^-194$. Fifty plants in each series, in each soil 


Series I. Started Oct. 2 

Series II. Started Nov. 2 

Series III. Started Dec. 29 

No. iilaiits showing big vein 

No. plants showing big vein 

No. plants showing big vein 

Date 

observed 

Steril- 

ized 

soil 

Unsteril- 

ized 

soil 

Date 

observed 

Steril- 

ized 

soil 

Unsteril- 

ized 

soil 

Date 

observed 

Steril- 

ized 

soil 

Unsteril- 

ized 

soil 

Nov. 16 

0 

1 

Dee. 10 

0 

2 

J an. 22 

0 

1 

Nov. 30 

0 

6 

Dee. 26 

0 

15 

Feb. 5 

0 

17 

Dec. 7 

0 

10 

Jan. 11 

0 

27 

Feb. 15 

0 

34 

Dec. 14 

0 

21 

Jan. 30 

1 

33 

Feb. 27 

0 

42 

Dee. 21 

0 

36 

Feb. 11 

0 

41 

Mar. 8 

0 

46 

Dee. 29 

0 

50 

Mar. 9 

0 

48 

Mar. 15 

0 

50 

Total 

0 

50 


1 

48 


0 

50 


the disease by mechanical means were negative, that no root aphids were 
present in any of the 3 series, and that the plants were kept free of other 
insects by regular and frequent fumigation of the greenhouse, it might be 
thought that the disease had been transmitted by some other agent than the 
soil. 

Pryor^ found that a relatively long time elapsed before big-vein symp- 
toms appeared in his cultures and that some plants required more than 120 
days in infested soil before symptoms became evident. 

It should also be noted that symptoms did not develop in less time in 
series 3, in which the soil was used immediately after the removal of big-vein 
plants, than in the other two series. It is evident that the causal agent may 
persist for at least one year under field conditions. Further investigations 
of its longevity in the soil are in progress. 

INSECT TEANSMISSION 

Some preliminary experiments during the winter of 1941-42 indicated 
that certain insects might be vectors for big vein. However, the results of 


TABLE 2. — Transmission of Mg vein of lettuce Toy insects 


Insect vector 

No. 

insects 

used 

No. 

trials 

No. plants 
infected^ 

Minimum incu- 
bation period,^ 
in days 

Aphis gassy pa ■ 

250 

1 

0/10 


Maerosiphum solanifoUi 

175 

2 

0/10 


Maerosiphum n. sp.c 

475 

4 

2/20 

33 

.Mysus circurttflexus 

325 

2 

1/15 

69 

M. pcrsicae 

620 

5 

2/26 

43 

Trialeurodes vaporaorium 

400 

2 , 

0/20 



a Number of plants infected, over number exposed. 

Days until symptoms appeared. 

c An nndeseribed species deposited in collection of Division of Insect Identification, 
Bureau of Entomology and Plant Quarantine, under T. C. No. 7335. 

s Pryor, Dean E. The big vein disease of lettuce in relation to soil moisture. Jour. 
Agr. Bes. [E. S.] 68: 1-9. 1944. 
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these experiments were variable and since adequate precautions had not been 
taken to prevent infection due to penetration of the roots into unsterilized 
soil in the bench beneath the pots, the data were considered inconclusive and 
are not presented. In all later experiinents the pots were set on sterilized 
clay dishes to prevent contamination. After exposure to infective insects 
the plants were sprayed with a py rethrum preparation and held in an insect- 
free greenhouse not previously used for growing lettuce. 

The results of tests with five species of aphids and the greenhouse white 
fly, Trialeurodes vaporaorium Westw., are in table 2. No infections occurred 
in the plants exposed to white flies, to Aphis gossypii Glover, or to Macro- 
siphum solanifolii Ashm. ; and only one or two infections occurred in the 
plants exposed to Macrosiphum n. sp., My ms circumflexus Buckt., and M. 
persicae Sulz. In these experiments all species of sucking insects found on 
foliage of lettuce in local greenhouses were used. These included several 
vectors of a number of other viruses. Methods found successful for the 
transmission of both persistent and non-persistent viruses were used in these 
tests. 

In later experiments during the spring of 1943, big-vein infection oc- 
curred in 8 of 10 plants following a transfer of 15 individual root aphids, 
Pemphigus lactucae (Fitch), from roots of a lettuce plant with symptoms of 
big vein. The aphids were transferred with a camel ’s hair brush, free of visi- 
ble soil particles, to root-tips of healthy lettuce plants through the openings 
in the bottoms of the pots. The aphids increased rapidly after the transfer. 

Uninoculated check plants and groups of plants that had been exposed 
to aphids and white flies from leaves of big- vein-infected plants were groov- 
ing in the same greenhouse. After exposure the uninoculated plants were 
fumigated to eliminate these insects. At the time of the final examination, big- 
vein symptoms were present in 10 of the 60 uninoculated check plants and in 
from 40 to 70 per cent of the plants that had been exposed to Trialeurodes 
vaporaorium^ Myzus persicae, or Macrosiphum ii, sp. At this time it was 
found that the subterranean root aphids, which were unaffected by the fumi- 
gations, had become established on the roots of many plants in the above- 
mentioned groups. The natural spread of these root aphids from the origi- 
nally inoculated to the other groups of plants seems to be the only logical 
explanation for the infection occurring in the unexposed checks. The same 
explanation seemed to hold for the greater portion, if not all, of those ex- 
posed to the other aphids and white flies, in view of their previous inefficient 
performance (Table 2). According to Cutright,® the young of Pemphigus 
lactucae depart from the usual behavior of young aphids. Instead of settling 
about the mother, the newly born microscopic young actively migrate among 
the soil particles or on the surface for 100 feet or more in search of food. 

Investigations on insect transmission of big-vein have been discontinued 
during the present emergency period. Any further investigations to con- 


6 Outright, 0. E. Subterranean aphids of Ohio. Ohio Agr. Bxpt. Sta., Bui. 387, 
pp. 175-238. 1925. 
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firm the evidence indicating Pemphigus lactume to be a vector of big vein 
should aim to determine whether the virus is carried internally by the insect 
and spread by its feeding activities, or merely by external contamination 
through contact with infected soil. The strong migratory habits of this 
aphid and its general occurrence on many hosts would tend to increase its 
importance in the spread of big vein in the field. 

summary 

The data presented indicate conclusively that the big-vein disease of 
lettuce is soil-borne and that its causal agent can be inactivated by steam 
treatment of the soil. 

Under the conditions of these experiments, the symptoms of big vein did 
not appear in the leaves of any of the lettuce plants until they had grown in 
infected soil for 5 weeks, and a much longer time (up to 127 days) elapsed 
before symptoms were observed in some plants. 

A total of 136 plants were mechanically inoculated in roots, leaves, and 
stems, using methods which have been effective in transmitting virus diseases 
in the case of other hosts. Although the inoculated lettuce plants were held 
from 50 to 60 days at temperatures favorable for the occurrence of big vein, 
no symptoms appeared. 

The experiments on insect transmission were not extensive enough to 
justify definite conclusions. However, the results indicate that the root 
aphid Pemphigus laciucae (Fitch) may be a vector for big vein. 

Plant Industry Station, Beltsville, Md. 

AND 

Research Center, Beltsville, Md. 


STUDIES OF DODDEE TEANSMISSION OP PLANT VIEUSES 


0. W. Bennetti 
(Accepted for publication June 20, 1944) 


INTRODUCTION 


Transmission of the virus of cucumber mosaic by two species of dodder, 
Cusetita subinclusa Dur. and Hilg. and C. calif ornica Choisy, and transmis- 
sion of curly-top virus by C, siiMnchisa was reported (2) in 1940. 

Johnson (8) in 1941 reported the transmission of the viruses of aster 
yellows, sugar-beet curly top, pea streak, tobacco mosaic, and cucumber 
mosaic by Cuscuta campestris Yuncker. 

Kunkel (10, 11, 12, 13), using Cuscuta campestris ^ transmitted the virus 
of cranberry false blossom to tomato {Lycopersicon esculentum Mill.), peri- 
winkles (Vinca rosea L.), potato (Solanum tiiberosum L.), tobacco (Nicoti- 
ana ta~bacum L.), and Nicotiana glutinosa L, ; the virus of peach rosette to 
tomato; and the virus of potato witches ’-broom to sugar beet (Beta vul- 
garis h.). 

Transmission of dodder latent-mosaic virus by means of Cuscuta suh- 
inclusa, C, campestris, and C, calif ornica was reported by Bennett (3) ; and 
Bennett and Munck (4) obtained transmission of the virus of yellow wilt 
of sugar beet by means of Cuscuta suhinclusa and C. campestris. 

It was obvious from the time of discovery of transmission of viruses by 
dodder that this method of transmission offered possibilities for study of 
plant virus diseases, especially in connection with determination of the host 
range of the viruses concerned, not afforded by any other method of attack. 
Efforts were made, therefore, to compare the efficiency of three species of 
dodder in the transmission of several viruses representative of recognized 
virus types. The objective of these experiments was to determine the rela- 
tionship of different types of viruses to a range of dodder species and to 
obtain information on the factors involved in transmission. 


MATERIALS AND METHODS 


Three species of dodder, Cuscuta suMnclusa, C. campestris, and C. cali- 
f ornica, were studied. The first is characterized by its coarse stems. Several 
species of green plants, mainly shrubs, growing in low places in southern 
California, are hosts. The second occurs on alfalfa (Medicago sativa L.) and 
other legumes, and the third is abundant on a number of desert plants of 
southern California. All three species grow well in the greenhouse and can 
be colonized on a wide range of experimental plants. 


Viruses Tested 


Sugar-Beet Curly Top. Several strains of the virus were tested, but a 

1 In Jehtedness is acknowledged to Katherine Esau, University of California, College 
of Agriculture, for the information contained in this paper on the cytology and histology 
of the haustorium of Cuscuta siibinclusa and also for figure 3' 

m 
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strain known to produce severe symptoms on sugar beet was used for the 
results recorded. 

Sugar-Beet Mosaic. The virus used was that which occurs commonly on 
sugar beets in the vicinity of Riverside, Calif. No strains of this virus have 
been recognized. 

Sugar-Beet Yellow Vein. This virus has not been described but it has 
occurred each season since 1936 in experimental plots of sugar beets near 
Riverside, Calif., and is known to occur also in Colorado. It causes distinct 
yellowing along the main veins of the leaves, dwarfing of the plant (often 
more marked on one side), and general yellowing of the foliage. It is trans- 



Fig. 1. Leaf of sugar beet, var. S.L. 68, with primary lesions resulting from inocu- 
lation with juice from a sugar-beet plant systemically infected by cucumber mosaic. 

missible by graft but not by juice inoculation. The vector is unknown, but 
apparently the virus is not transmissible by the aphid, Myzus persicae 
(Sulz.). 

Cucumber Mosaic. The strain of virus used was obtained from sugar 
beet in the vicinity of Mendota, Calif., where in at least one season it caused 
severe damage in a relatively large acreage of sugar beets. On leaves of 
sugar beet yellowish primary lesions (Fig. 1) follow juice inoculation. 
Systemic infection has not resulted from such lesions, but has resulted from 
inoculation by Myzus persicae. 

Tom>ato Ring spot. The virus was obtained from field tomatoes near 
Kiverside, California. Its relationship to other ringspot viruses of tomato 
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and tobacco is unknown. It produces necrosis as a primary symptom on 
botb tobacco and tomato. Each type of plant recovers from symptoms. 

Dodder Latent Mosaic. This virus was obtained from Cuscuta call- 
fornica and was described in a recent publication (3) . 

Tobacco Mosaic. The virus (Tobacco virus 1 Johnson) was obtained 
through courtesy of Wm. N. Takahashi of the University of California, who 
previously had obtained it from James Johnson, University of ‘Wisconsin. 

Mustard mosaic. This virus w^as obtained from Brassica adpressa 
(Moench) Boiss. near Eiverside, Calif., and probably is related to mild- 
mosaic virus of annual stock described by Tompkins (19). It is common on 
Brassica adpressa and certain other species of mustard in southern Cali- 
fornia. Systemic infection characterized by mottling occurs on Nicotiana 
glutinosa and necrotic primary lesions on inoculated leaves of Turkish 
tobacco. 

Citrus Psorosis. H. S. Fawcett, Citrus Experiment Station, University 
of California, furnished this virus, which occurs on Citrus spp. 

Peach Mosaic. L. C. Cochran, Division of Fruit and Vegetable Crops 
and Diseases, U. S. Department of Agriculture, supplied the virus which 
came from infected peach (Prunus persica (L.) Batsch) trees in Eiverside 
County, California. 

Tobacco Etch. The virus was obtained from tomato in a garden in 
Eiverside, Calif. On the basis of induced symptoms and known host range 
it appears to be related to the tobacco-etch viruses described by Johnson (7) . 
It produces leaflet bending, curling, and mild mottling on tomato. On 
Turkish tobacco the first affected leaves show yellow veins and abundant fine 
etching on the upper surface; leaves produced later are mottled, spotted, 
and stunted. Chlorotic mottling, blossom dropping, and extreme leaf dis- 
tortion and narrowing are produced on jimson weed (Datura stramonium 
L.); relatively mild mottling, with some leaf puckering, is produced on 
tolguacha (D. meteloides DC.). The thermal inactivation point of the virus 
lies between 55° and 60° C. It is transmissible by juice inoculation and by 
the aphid, Myzus persicae. ' 

Tomato Spotted Wilt. The virus was obtained from a tomato plant from 
a garden in Eiverside, Calif. In the greenhouse this virus is less severe on 
tomato and Turkish tobacco than is usual with spotted wilt. Infected plants 
frequently recover. 

Methods of Inoculation 

Two methods were employed in making inoculations. Virus-free dodder 
was usually established on diseased plants and after it had grown suffi- 
ciently, stems were trained to healthy plants. Within a few hours the ends 
of the strands wrapped themselves around stems and petioles of the inocu- 
lated plants, and within 48 hours the dodder was sufficiently established on 
its new host to permit severing its connection with the diseased plant.' How- 
ever, as a rule, strands connecting diseased and healthy plants were main- 
tained for longer periods, usually 7 to 10 days, to permit additional time for 
viruses to pass from diseased to inoculated plants. 
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Where it was desired to avoid contact through dodder between the dis- 
eased and inoculated plants, strands of dodder several inches long were 
removed from the diseased plant, placed with the basal ends in bottles filled 
with water, and the growing tips then were trained around succulent parts 
of healthy plants. Usually within 2 or 3 days such strands became estab- 
lished on their new host plants. 

TRANSMISSION TESTS 

Attempts were made to transmit each of the 12 viruses to different species 
and varieties of plants known to be susceptible to the virus tested. In the 


TABLE 1 . — Transmission of viruses hy means of Cuscuta subinclusa, C. campestris, 
and C, calif ornica 


Disease induced by 
tested virus 


Number of plants inoculated and 
infected by means of each 
species of dodder 

Plant inoculated 

Cuscuta 

suhincUisa 

Cuscuta 

campestris 

Cuscuta 
calif ornica 

Inoc. 

Inf. 

Inoc. 

Inf. 

Inoc. 

Inf. 

Sugar-beet curly top 

Sugar beet 

141 

3 

116 

12 

156 

1 


Tobacco, var. Turkish 

140 

3 

40 

3 

20 

2 


Nicotiana glutinosa 

28 

0 

20 

0 

20 

1 


Tomato, var. Biverside 

6 

0 

160 

5 

27 

0 


Sugar beet 

140 

0 

40 

0 

60 

0 

Sugar-beet mosaic 

Sugar beet 

120 

0 

100 

0 

120 

0 

Sugar-beet yellow vein 

Sugar beet 

20 

0 

20 

0 

20 . 

0 

Cucumber mosaic 

Tobacco, var. Turkish 

165 

162 

30 

30 

25 

23 


Sugar beet 

66 

3 

20 

3 

29 

1 

Tomato ringspot 

Tobacco, var. Turkish 

50 

0 

15 

0 

25 

0 


Nicotiana glutinosa 

20 

0 

15 

0 

15 

0 

Dodder latent mosaic 

Sugar beet 

50 

50 

20 

20 

60 

60 


Pokeweed 

20 

20 

65 

65 

160 

160 

Tobacco mosaic 

Tobacco, var. Turkish 

155 

3 

37 

1 

48 

0 

Mustard mosaic 

Brassica adpressa 

93 

8 

28 

2 

68 

30 

Citrus psorosis 

Citrus sp. 

10 

0 

10 

0 




Tobacco, var. Turkish 

30 

0 





Peacb mosaic 

Tobacco, var, Turkish 

20 

0 

10 

0 

10 

0 

Tobacco etch 

Tobacco, var. Turkish 

23 

0 

13 

0 

27 

27 

Tomato spotted wilt 

Tomato, var. Biverside 

23 

1 

60 

10 

40 

1 


Tobacco, var. Turkish 

60 

0 

41 

7 

41 

2 


first experiments, Cuscuta suhinclusa was used exclusively, but later other 
tests were made with Cuscuta campestris and C. calif ornica. A partial list 
of the varieties and species of plants inoculated is in table 1. 

The three species of dodder transmitted the virus of dodder latent mosaic 
to all inoculated plants of sugar beet and pokeweed {Phytolacca americana 
L.) ; the virus of cucumber mosaic to a high percentage of inoculated plants 
of Turkish tobacco; and the viruses of sugar-beet curly top and tomato 
spotted wilt to smaller proportions of inoculated plants. The virus of 
mustard mosaic was transmitted to a high percentage of plants by Cuscuta 
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calif ornica but to a much lower percentage by the other dodder species. The 
virus “of tobacco etch was transmitted only by C. caZi/ormca. 

Transmission of the virus of tobacco mosaic by means of Cuscuta cam- 
pestris was reported by both Johnson (9) and Costa (5). Table 1 shows 
that a small proportion of plants inoculated with tobacco mosaic virus by 
means of Cuscuta suhinclusa and C. campestris became infected. However, 
since accidental infection of Turkish tobacco plants by tobacco-mosaic virus 
is difficult to avoid in the greenhouse, and since subsequent inoculations 
(Table 2) in which extreme care was exercised to avoid accidental infection 
produced no infection, the results do not appear adequate to prove coiiclu- 
sively that tobacco mosaic was transmitted by dodder in these tests. 

The incubation period of the viruses in inoculated plants varied con- 
siderably. With curly top the incubation period in infected sugar-beet 
plants was only a few days longer than that in plants inoculated by means 
of beet leafhoppers. Incubation periods in Turkish tobacco often were very 
long. In many instances no symptoms of curly top were evident until the 
inoculated plants began to blossom or fruit. A number of plants inoculated 
when 3 to 6 inches tall gave no evidence of infection even in the fruiting 
stage but later developed symptoms on axillary shoots after the plants were 
cut back to a height of about 8 inches. Incubation periods in these cases 
ranged from 52 to 80 days. The low percentage of Turkish tobacco plants 
infected by curly top by means of the 3 species of dodder (Table 1) probably 
is due in part to failure to hold inoculated plants for periods sufficiently long 
for symptoms to appear in all eases of infection. 

The incubation period of dodder latent mosaic in pokeweed was relatively 
short, averaging about 7 days as compared to about 10 days required for 
production of systemic infection from juice inoculation. Also, the incuba- 
tion period in sugar-beet plants inoculated by means of dodder was relatively 
short. Frequently the incubation period of the cucumber-mosaic virus in 
Turkish tobacco was no more than 6 days, which is about the time required 
for the production of symptoms following juice inoculation. The average 
incubation period of tobacco-etch virus in Turkish tobacco plants was about 
8 days following dodder inoculation compared to about 4 days following 
juice inoculation. 

Marked difference in percentages of transmission of a virus to two differ- 
ent host plants by means of dodder was found in only one instance. Each 
of the three species of dodder transmitted the cucumber-mosaic virus to high 
percentages of inoculated plants of Turkish tobacco but transmitted to lower 
percentages of plants of sugar beet (Table 1). This was true particularly 
of Cuscuta sulinclusa and C. calif ornica. Why dodder failed to transmit 
eucumber-mosaic virus to greater pereentages of inoculated plants of sugar 
beet is not known definitely. Although this virus produced numerous pri- 
mary lesions on leaves of sugar beet following juice inoculation by the 
rubbing method, systemic infection did not follow in any of more than 200 
inoculated plants. Nevertheless, systemic infection is induced more or less 
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readily by the aphid, Myzus persicae. It is possible that to produce systemic 
infection it is necessary to introduce the virus into tissues of very young 
leaves. Aphids would be more efScient than dodder in this type of virus 
introduction. 

comparison of ability op three species of dodder to 

TRANSMIT VIRUSES 

Early in the course of attempts to transmit viruses by means of dodder 
it became evident that species of dodder differ in their ability to transmit 
certain viruses. A series of tests was planned in which the three species 
were tested in parallel experiments using the viruses of sugar-beet curly top, 
cucumber mosaic, mustard mosaic, tobacco mosaic, dodder latent mosaic, 
sugar-beet mosaic, tobacco etch, and tomato spotted wilt. The results are in 
table 2. 


TABLE 2.- — Comparison of aMlity of Ciiscuta suMnelusa, C. campesiris, and 0. call- 
fornica to transmit viruses 


Disease induced by 
tested virus 

Plant to which trans- 
fer was made 

Number of plants inoculated and 
infected by means of each 
species of dodder 

Cuscuta 

suhinclusa 

i 

Cuscuta 

campestris 

Cuscuta 
calif ornica 

Inoc. 

Inf. 

Inoc. 

Inf. 

Inoc. 

Inf. 

Sugar-beet curly top 

Sugar beet 

80 

8 

80 

39 

80 

7 

Sugar-beet curly top 

Tobacco, var. Turkish 

80 

12 

80 

6 

80 

11 

Cucumber mosaic 

Sugar beet 

80 

8 

80 

32 

80 

19 

Cucumber mosaic 

Tobacco, var. Turkish 

60 

60 

60 

60 

60 

60 

Mustard mosaic 

Brassica adpressa 

100 

12 

100 

13 

100 

97 

Tobacco mosaic 

Tobacco, var. Turkish 

80 

0 

80 

0 

80 

0 

Dodder latent mosaic 

Pokeweed 

100 

100 

100 

100 

100 

100 

Sugar-beet mosaic 

Sugar beet 

80 

0 

80 

0 

80 

0 

Tobacco etch 

Tobacco, var. Turkish 

40 

0 

40 

0 

40 

40 

Tomato spotted wilt 

Nicotiana glutinosa 

20 

0 

20 

14 

20 

1 


Cuscuta campesfris the most efficient of the three species in trans- 
mission of curly-top virus to sugar beet, but there was little evidence of 
difference in ability to transmit this virus to Turkish tobacco. Cuscuta cam- 
pestris was the most efficient also in transmission of cucumber-mosaic virus 
to sugar beet and in transmission of spotted- wilt virus to Nicotiana glutinosa. 
Cicscuta calif ornica^ however^ transmitted the virus of mustard mosaic to a 
much higher percentage of plants of Brassica adpressa than did either of the 
other species. Also, it transmitted the virus of tobacco etch to all inoculated 
plants of Turkish tobacco; whereas, there was no transmission bj^ either of 
the other species. Each species failed to transmit the viruses of tobacco 
mosaic and beet mosaic. 

Some of these differences in the ability of the tested species of dodder to 
transmit viruses are extremely marked, particularly in the case of transmis- 
sion of mustard mosaic, tomato spotted wilt, and tobacco etch. These results 
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suggest the possibility that some of the viruses not transmissible by the spe- 
cies of dodder used in these experiments may be transmissible by other 
species. 

transmission prom plants infected by two or more viruses 
It is believed that dodder will prove of value in separating components 
of virus complexes and especially in separating one or more virus com- 
ponents in diseases caused by multiple infection by viruses that are not 
differentially transmitted by juice inoculation or by insect vectors. Already, 
dodder has proved useful in demonstrating double infection in a disease 
previously assumed to be caused by a single virus. Johnson (9) proved that 
the white-clover mosaic is caused by two viruses, pea-mottle virus and pea- 
wilt virus, in eombination. The first can be separated from a mixture of the 
two by use of Cusctiia campesUis. 


TABLE 3. — Transmission of viruses 'by means of Cuscuta suhinclxisa from plants 
infected by two or more viruses 




No. 

plants 

inocu- 

lated 

1 

Number of plants 
infected by indi- 
cated virus 

Yiriis combination 

Plant inoculated 

Cucum- 

ber- 

mosaic 

virus 

Tobacco- 

mosaic 

virus 

Curly- 
top 
i virus 

Cucninber-mosaic virus plus 
tobacco-mosaic virus 

Tobacco, var. Turkish 

40 

38 

0 


Cucumber-mosaic virus plus 
curly -top virus 

Tobacco, var. Turkish 

40 

40 


3 

Cucumber-mosaic virus plus 
curly-top virus 

Sugar beet 

80 

11 


10 

Cucumber-mosaic virus plus 
tobacco-mosaic virus plus 
curly -top virus 

Tobacco, var. Turkish 

' - 60 

60 

0 

5 


Since Turkish tobacco may be infected by a number of viruses in combi- 
nation, tests were made using this plant as the virus source in transmission 
of viruses to Turkish tobacco and sugar beet by means of Cuscuta suhinclusa. 
The viruses used were tobacco-mosaic virus, cucumber-mosaic virus, and 
curly-top virus. The combinations used and the results obtained are in 
table 3. 

Cucumber-mosaic virus in all cases was separated from combinations with 
tobacco-mosaic virus and frequently from combinations with curly-top virus 
and from combinations of the three viruses. Of 80 small sugar-beet plants 
inoculated by training dodder from Turkish tobacco plants containing both 
cucumber-mosaic virus and curly-top virus, 11 were infected by cucumber- 
mosaic virus and 10 by curly-top virus. Of the infected plants, 9 were in- 
fected by cucumber-mosaic virus alone, 8 by the curly-top virus alone, and 
2 by both viruses. 

In other experiments, each of the three species of dodder was grown on 
plants infected by the viruses of dodder latent mosaic and cucumber mosaic 
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ill combination. The dodder was then transferred at weekly intervals for 
10 weeks on relatively large sugar-beet plants. All beet plants were infected 
by the virus of dodder latent mosaic, but only 1 plant (inoculated by means 
oi Cuscuta campestris) wSiS infected by cucumber-mosaic virus. Tests on 
Turkish tobacco at the end of 10 weeks showed that virus of cucumber mosaic 
was still present in each species of dodder. With smaller sugar-beet plants 
more infection by the virus of cucumber mosaic, especially by means of 
Ctisctda caMpestriSy\NOuid he expected. 

PERIOD OF ACTIVITY OP VIRUSES IN DODDER ON NONINPECTED 
HOST PLANTS 

Several methods were used to determine the length of time viruses re- 
mained active in the three species of dodder when growing on noninfected 
plants. 

Sugar-Beet Curly~T op Virus. Dodder was established on infected plants 
and trained from these to healthy sugar-beet plants known to be very resis- 
tant to infection by means of dodder because of their large size. After 3 to 5 
days the strands of dodder connecting diseased and healthy plants w^ere 
broken. Tests of virus content of dodder on the healthy plants were made 
at intervals by allowing nonviruliferous beet leafhoppers to feed on the 
dodder 24 hours, after which the leafhoppers were caged singly on seedling 
sugar beets for 7 days. Infection in the seedling beet plants indicated 
presence of virus in the dodder at the time of test. Virus was recovered 
readily from dodder 2, 3, and 5 days after the connection with curly-top 
plants was broken, but smaller amounts of infection after 5 days indicated 
decreased concentration of virus. Small amounts of virus were recovered 
after 7 to 10 days but no virus vras recovered after longer periods. No 
differences were noted in the time that any one of the three species of dodder 
was able to retain virus. 

The beet plants on which the tested dodder grew were retained in the 
greenhouse for more than 2 months after the tests, to determine whether any 
infection was produced by means of dodder. All remained free of disease. 
It was assumed, therefore, that these plants did not become infected and 
that the dodder did not pick up virus from them during the test. 

Mustard-Mosaic Virus. Dodder was trained directly from diseased 
plants of mustard (Brmsica adpressa) to plants of Nicotiana glauca Graham, 
believed to be immune to infection. At intervals strands of dodder were 
removed from the plants of N. glauca emd established on healthy mustard 
plants. The first tests were made 20 days after the dodder was established 
on N. glauca. No infection of mustard was obtained by mems oi Cuscuta 
suhinclusa or C. campestris, but 5 of 11 plants to which 0. calif arnica was 
transferred became infected. In tests of dodder 40 days after it was estab- 
lished on Nicotmia glauca no infection was produced on mustard by any of 
the three species of dodder. 

Cucumber-Mosaic Virus. It has been reported (2) that Cuscuta sub- 
inclusa retained the virus of cucumber mosaic for long periods when growing 
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on an immune host. Also, Costa (5) showed that this virus remained active 
for 4 months in C us cut a campestris growing on an immune host. 

Similar results have been obtained when Cusctita suMnclusa, C. cam- 
pestris, and C. calif ornica were grown on noninfected or immune plants. 
Infected colonies of each of the three species of dodder were established on 
each of 5 large sugar-beet plants known to be very resistant to infection by 
the virus of cucumber mosaic owing to their size. At intervals of about 
2 weeks a strand of each colony was transferred to a new plant. All dodder 
was removed from the older plants and these were kept for at least 2 months 
to determine whether they became infected. At intervals during the test 
and at the end of 3 months the 5 colonies of each species of dodder were 
tested for presence of virus. In all of these tests the dodder was found to 
carry virus. With 4 colonies of Guscuta sutinclusa, 2 colonies of C. cam- 
pestris , and 5 colonies of 0. calif ornica, none of the beet plants on which the 
dodder grew became infected. It is assumed, therefore, that in these in- 
stances the dodder was not able to acquire additional virus from the host 
plants but that the virus remained active in dodder under these conditions 
for 3 months. 

In other tests the three species of dodder contained cucumber-mosaic 
virus after growing 40 days on castor bean {Bicmus communis L.) ; C. suh- 
inclusa contained virus after growing 30 days on Citrus sp. ; and C. cali- 
f ornica contained virus after growing 40 days on Eriogonum fasciculatum 
Benth. These host plants of dodder appear to be immune to cucumber 
mosaic. The virus of cucumber mosaic remains active in each of the three 
species of dodder almost indefinitely, and probably each species of dodder is 
a host of the virus. 

Dodder Latent-Mosaic Yirus, Guscuta californica and C. campestris 
from infected pokeweed plants were grown for 4 months on plants of Erio- 
gonum fasciculatum without loss of the virus. Tests of the Eriogonum 
plants after the infected dodder was removed revealed no infection, and it is 
assumed that the virus was maintained for 4 months in these two species of 
dodder while they were growing on an immune host. It is assumed that all 
three species of dodder are hosts of this virus. 

Tohacco-Mosaic Yirus. Strands of each of the three species of dodder 
were removed from Turkish tobacco plants affected by tobacco mosaic, and 
placed on sugar-beet plants. Seven days later a strand from each of the beet 
plants was placed on a healthy plant of Turkish tobacco. Twenty tobacco 
plants were inoculated by means of each species of dodder. None became 
infected by mosaic. This result is not surprising in view of the small num- 
ber of plants infected following direct transfer of dodder from diseased to 
healthy plants (Tables 1 and 2). Both Johnson (9) and Costa (5) obtained 
greater amounts of infection through direct transfers of strands of Guscuta 
cam.pestris from diseased to healthy plants. However, they failed to obtain 
infection by means of this species of dodder after it had been established on 
an immune host. It seems probable from these results that the virus of 
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tobacco mosaic remains active in the tested species of dodder for only a 
relatively short time. 

Siigar-Beet-Mosaic Virm^ No virus was recovered by juice inoculation 
from any of the three species of dodder when growing* on diseased plants or 
after transfer to healthy plants. 

Tomato-Ringspot Vines. No virus was recovered from any of the three 
species of dodder w^hen growing on diseased plants or after transfer to 
healthy plants, either by juice inoculation to Turkish tobacco or by training 
dodder to Turkish tobacco and tomato. 

Tohacco-Etch Vims. The three species of dodder were trained from 
infected plants of Turkish tobacco to plants of sugar beet, cucumber, Brus- 
sels sprouts {Brassica oleracea L., var. gemmifera DC.); and Nicotiana 
glwuca, all of which appear to be immune to infection. After the dodder 
was established on the immune hosts it was tested for presence of virus by 
training strands to healthy plants of Turkish tobacco and by inoculation to 
Turkish tobacco by means of juice from dodder stems. No infection was 
obtained from Ctiscuta suhindusa or C. campestris at any time by either 
method of test. However, inoculations by means of strands of Guscuta cali- 
fornica trained to plants of Turkish tobacco after 2 and 4 weeks on the 
immune host produced infection; but no infection was produced in tests 
after 6 weeks. Tests with juice from the plants on which the dodder was 
growing produced no infection on Turkish tobacco. It is evident that 
Ciiscuta calif ornica is able to retain the virus of tobacco etch for considerable 
periods, although it does not appear to be a host of this virus. 

RELATIVE CONCENTRATION OP VIRUS IN DODDER AND HOST PLANT 

Attempts were made to compare concentrations of viruses in the three 
species of dodder with those in the respective infected plants on which the 
dodder Avas growing. Methods of estimating relative virus concentrations 
differ with the virus used, and the accuracy of the results varies with the 
method selected. However, in all cases, it is believed that the methods used 
are at least of some value in providing information on the probable relative 
virus concentrations. The results of these tests are in table 4 and the 
methods used with each virus are indicated in table 4, footnotes a to h, inclu- 
sive. All juice inoculations were made by first sprinkling the leaf with 
carborundum and then rubbing the surface with a cloth pad saturated with 
inoculum. 

Beet leaf hoppers obtained the virus of curly top from Cuscuta suiinclusa 
ill quantities that appeared equal to those obtained from the infected host 
plant. Smaller amounts of infection, in most cases, w^ere produced by the 
leafhoppers that fed on Cuscuta calif ornica and C. campestris^ and it seems 
probable that the leafhoppers that fed on these species obtained somewhat 
less virus from these species than from the host plant. This may be due to 
a difference in feeding of the leafhoppers rather than to a difference in con- 
centration of virus in host and parasite. 
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No infection by the virus of beet mosaic was obtained from jnice of any 
of the species of dodder. It is possible, of course, that juice of dodder may 
tend to inactivate the virus ; however, mixtures of 1 part juice of dodder 
(Cuscuta subinclusa) and 1 part juice of diseased sugar beet, undiluted, and 
diluted 1 to 10, and 1 to 100 with water, gave approximately the same amount 
of infection when inoculated into sugar beet as corresponding mixtures in 
which juice of healthy beet was substituted for juice of dodder. 

No infection by the virus of mustard mosaic was obtained by means of 
juice of either Cuscuta suhinclusa or C. campestris. However, by each of 
2 methods of tests Cuscuta calif ornica gave evidence of having appreciable 
concentrations of virus, although these concentrations appeared to be lower 
than those in the infected mustard plants. 

In pokeweed and in the three species of dodder the concentration of the 
virus of dodder latent mosaic rises to a high level a few days after infection, 
then drops to a low level w^hich is more or less constant thereafter. In tests 
of relative concentration of this virus, plants that had been infected several 
weeks were used. In these plants, in which virus content presumably had 
become more or less stabilized, the concentration of virus was somewhat 
lower in each of the three species of dodder than in the host plant. 

Very few lesions were produced on inoculated leaves of Nicotiana gluti- 
nosa Avith juice from dodder growing on Turkish tobacco plants infected by 
tobacco mosaic. These and other tests, in which never more than 3 primary 
lesions w^ere produced on a leaf of N, glutinosa by inoculation with juice 
from dodder, show that little infection can be expected from inoculations 
using juice of dodder from infected Turkish tobacco plants. Costa (5) , how- 
ever, has shown that the juice of Cuscuta campestris has an inhibitory effect 
on the virus of tobacco mosaic. ‘Whether the juices of C. suhinclusa and C. 
calif ornica have a similar effect has not been determined but tests in which 
inoculum Avas prepared by adding 100 parts juice from C, suhinclusa to 1 
part juice from infected tobacco plants gave approximately the same number 
of lesions per leaf of Nicotiana glutinosa as corresponding mixtures of juice 
from healthy and diseased tobacco plants. It seems probable that the con- 
centrations of virus in the three species of dodder are low as compared with 
those of the host plants; whether they are so low as indicated by the results 
presented in table 4 remains to be determined. 

The concentrations of virus of cucumber mosaic in Cuscuta suhinclusa 
and C, calif ornica were about the same as those in the diseased tobacco 
plants. However, only small numbers of primary lesions were produced on 
leaves of sugar beet by inoculation with juice from Cuscuta campestris. 
These results are similar to those obtained by Costa (5) from inoculations 
with juice of C. campestris in which he demonstrated that juice of this spe- 
cies of dodder has an inhibitory action on infection. The smaller numbers 
of lesions produced on inoculated leaves of sugar beet, therefore, probably 
are due to an effect of this type rather than to a Ioav concentration of virus. 
There is no e\ddence, hov^evCr, that the juice of C. sichinclusa ot ot 0 . cali- 
f ornica produces a like inhibitory effect. 
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No infection was produced on Turkish tobacco by the virus of tobacco 
etch by juice imm Oiisciiia siihinclusa or C. campestris. However, juice 
from Ctiscuta produced infection on all inoculated Turkish 

tobacco plants. In tests in which juice of C. calif ornica was diluted 1 part 
juice in 500, 1000 (Table 4), 2000, and 5000 parts water, respectively, and 
used to inoculate plants of Turkish tobacco, approximately the same num- 
bers of plants were infected as with corresponding dilutions of juice from 
diseased plants of Turkish tobacco, indicating that the concentration of virus 
in this species of dodder was about equal to that of the infected host plant 
on which it was growing. 

TESTS OF THE ABILITY OP DODDER TO TRANSMIT VIRUSES 
THROUGH SEEDS 

Transmission of the virus of dodder latent mosaic through the seeds of 
CusGuta campestris was reported earlier (3). This work was followed by 


TABLE 5. — Tests to determine loliether viruses are transmitted through seeds of 
dodder 


Virus 

Species of dodder 

j 

. Plant on 
wbich tests 
were made 

No. 

seeds 

tested 

Seeds found to 
carry virus 

Sugar-beet curly top 

Cuscuta campestris 

Sugar beet 

240 

Numher 

0 

Per cent 

0 

Tomato ringspot 

(( it 

Tobacco 

160 

0 

0 

Tobacco mosaic 

a a 

Tobacco 

160 

0 

0 

Cucumber mosaic 

a a 

Tobacco 

480 

0 

0 

Dodder latent mosaic 

a a 

Pokeweed 

1340 

66 

4.9 

Dodder latent mosaic 

C. calif ornica 

Pokeweed 

670 

16 

2.4 

Cucumber mosaic 

C. s'ltbinclusa 

Pokeweed 

240 

0 

0 


further tests involving other viruses and two additional species of dodder. 

Of the species of dodder used in these tests only Cuscuta campestris pro- 
duced seeds in the greenhouse. This species was grown on several different 
types of plants each infected by a different virus and seeds were collected 
for test. Also, large numbers of seeds of Cuscuta subinclusa Avere collected 
from plants of Nicotiana glauca naturally infected in the field by cucumber 
mosaic. Seeds of Cuscuta calif ornica were collected from plants on the 
desert shrub, Eriogonum fasciculatum, in an area where it was known 
through preAdous tests that a high percentage of the dodder plants was 
infected by the virus of dodder latent mosaic. 

Seeds were planted in flats and soon after germination the seedlings were 
attached to young plants known to be susceptible to the virus for which tests 
for seed transmission were being made. The viruses used and the results 
obtained are in table 5. The virus of dodder latent mosaic was transmitted 
through 4.9 per cent of the seeds of Cuscuta campestris and through 2.4 per 
cent of the seeds of Cuscuta calif ornica. Seeds of Cuscuta campestris still 
contained active virus after storage for 12 months at room temperature. 
None of the other viruses tested was seed transmissible. 
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VIRUS MOVEMENT AS INFLUENCED BY DODDER 

Directional Movement in Stems of Dodder 

Much, evidence indicates that the movement of viruses in the phloem of 
plants is largely unidirectional and correlated with the movement of elabo- 
rated food materials. The evidence on which this conclusion is based was 
obtained from green plants in which it is not always possible to determine 
accurately the direction of food movement at all times. With a parasitic 
plant such as dodder, movement of food materials must always under normal 
conditions be unidirectional ; that is, from the host plant into the parasite 
and to its regions of growth and storage. Dodder, therefore, may be better 
adapted for certain types of studies of the correlation between virus move- 
ment and food translocation than are green plants. 

Limited studies of the movement of viruses in dodder have been made. 
In the first of these, virus-free dodder {Cuscuta suUnchcsa) was established 
on healthy plants of NicoUana glutinosa. With each plant, when the first 
stem of dodder was about 12 inches long, it was attached to a plant ot NicoU- 
ana glauca infected by the virus of cucumber mosaic. When a stem of 
dodder from each of these latter plants was 12 inches long it in turn was 
attached to a healthy plant of Nicotiana glutinosa. The 3 plants were 
allowed to remain attached to each other by the strands of dodder 6 to 16 
days, after which the connecting strands of dodder were broken and the 
plants of N. glutinosa were watched for development of symptoms of mosaic. 

Of the 10 plants of Nicotiana glutinosa to which the virus-free dodder 
was attached at the beginning of the experiment, only 1 became infected. 
Hence in 9 of the 10 plants the virus did not move from the infected plant 
of Nicotiana glauca a distance of 12 inches toward the original dodder- 
infested plant in periods ranging from 6 to 16 days. On the other hand, all 
of the plants of Nicotiana glutinosa to which dodder became attached after 
making contact with diseased Nicotiana glauca plants became infected. 
Thus the virus was able to move readily in the direction of growth in the 
dodder stems, but moved less readily from the diseased plant along the stem 
of dodder to the original healthy plant on which the dodder was established. 

In a second test vigorous stems of Cuscuta suhinclusa more than 2 feet 
long growing on Turkish tobacco were selected. Twenty beet leafhoppers 
carrying the curly-top virus were caged on portions, about 7 inches long, of 
dodder near its points of attachment to the host plant Twenty nonviru- 
liferous beet leafhoppers were caged on the distal end of eich stem. A sec- 
tion of stem, 12 inches or more in length, separated the areas of feeding of 
the viruliferous and nonviruliferous leafhoppers. At intervals of 1 hour 
for the first 6 hours and at irregular intervals thereafter, leafhoppers were 
removed from the cages at the distal ends of the dodder stems and caged on 
seedling plants of sugar beet to determine whether the leafhoppers had 
picked up virus. 

Beginning with the third hour in some cases and wdth the fourth and 
fifth hour in others, leafhoppers removed from cages at the distal end of 
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dodder stem>s transmitted enrly top to seedling plants of sugar beet Evi- 
dently, this virus was introduced into the basal end of the dodder stem by 
the viruliferous leafhoppers feeding there and moved through the stem a 
distance of 12 inches in 3 hours in sufficient quantity to be picked up by 
nonviruliferous leafhoppers feeding at the other end of the stem. However, 
in another set of experiments where the relative positions of the viruliferous 
and nonviruliferous leafhoppers were reversed and leafhoppers carrying 
virus were allowed to feed on the distal end of the stem, the virus did not 
move toward the base of the stem a distance of 12 inches during 48 to 72 
hours in quantities sufficient to be picked up and transmitted by the non- 
viruliferous leafhoppers. These results prove conclusively that the virus of 
curly top moves rapidly outward from the basal portion of a dodder stem 
in the direction of food flow, but there is no evidence of movement in the 
I opposite direction or against the flow of food materials in periods of 2 to 3 

days. This is strong additional evidence of the dependence of virus on food 
i transport for rapid movement through the phloem. 

Influence of Dodder on the Movement of Viruses from Inoculated to 
Noninoculated Shoots in Multiple-Crown Beets 

Vigorous growth of dodder on a single infested shoot of a host plant 
might result in a deficit of food material in that shoot and a resultant move- 
ment of food materials from other parts of the plant into the parasitized 
shoot. The following experiment was made to test this theory. 

Roots of sugar beet about 2 inches in diameter and about 8 inches long 
were split into three parts beginning at the crown and extending downward 
about 6 inches. They were then potted with tops equally spaced about 6 
inches apart. In this manner plants, each with 3 vigorously growing tops 
all connected at the base of the main root, were obtained. One shoot of each 
plant was inoculated with a virus, dodder (Cuscuta subindusa) was trained 
to a second shoot, and the third was retained as a control. Sugar-beet curly- 
top virus and sugar-beet-mosaic virus were used in the inoculations. Until 
symptoms of disease developed on the dodder-infested shoot, the dodder was 
permitted to develop unimpeded except for such pruning as was required 
to prevent contact with the other two beet shoots and to avoid excessive 
injury to the infested shoot. After symptoms of disease appeared on the 
dodder-infested shoot most of the dodder was removed and that which re- 
mained was kept severely pruned to avoid markedly interfering with growth 
of the shoot. One of the plants inoculated with curly top is shown in fig- 
' lire 2, and a summary of the results of these tests is in table 6. 

Curly-top virufe moved into shoots parasitized by dodder and produced 
symptoms of disease there in considerably less time than it moved into the 
control shoots. However, the average period for production of symptoms 
on the parasitized shoots varied from 32 to 46 days and was considerably 
longer than that required for production of symptoms on the inoculated 
shoots. In previous experiments (1) with the same type of beet, in which 
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1 Sugar-beet plant with 3 shoots on the same root system. A, Shoot inocu- 

lated with curly top by means of beet leafhoppers; B, shoot infested with Cuscuta sub- 
when A was inoculated; C, control. After inoculation symptoms appeared on the 
inoculated shoot after 13 days, on the dodder-infested shoot after 38 days, and on the 
control after 176 days. Plant photographed 100 days after inoculation. 


TABLE 6. Effect of growth of dodder on movement of viruses into noninocuXated 
shoots of sugar-beet plants split to form three separate crowns all connected through the 
basal part of the root 


Experiment 

no. 

Disease induced by 
virus used in test 

No.' 

plants 

tested 

Average no. days for appearance 
of symptoms on indi- 
cated shoot 

Inocu- 

lated 

shoot 

Dodder- 

infested 

shoot 

Check 

shoot 

1 

Sugar-beet curly top 

10 

16 ^ 

38 

113 

2 

do 

4 

■ 12 ' 

35 

127 

3 

do 

3 

13 1 

32 

153 

4 

do 

5 

. 18 , 

46 

139 

5 

Sugar-beet mosaic 

5 

13 

32 ■ 

■ ■ 57 ' 

6 

do 

6 

8 

30 

'■32'' 

7a 

Sugar-beet curly top 

. 5 . 

17 

33 

149 


Sugar-beet mosaic 

5 

12 

■ 34 . 

41 


sugar-ljcet^nm^^^ infected with the viruses of both sugar-beet curly top and 
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one shoot was defoliated and placed in the dark at the time another shoot ;| 

was inoculated, symptoms of curly top appeared on the inoculated shoot and ] 

on the defoliated or darkened shoot at about the same time. It appears, li 

therefore, that although the dodder greatly accelerated the rate of invasion 
of a parasitized shoot by the curly-top virus, growth of dodder was not so i 

effective in this respect as removal of all foliage or exclusion of light. This ! 

probably is due to the fact that several days are required for dodder to I, 

become established sufficiently to create a food deficit in the parasitized shoot i 

and thus induce movement of material, including virus, from the infected | 

shoot. I 

The average period required for the beet-mosaic virus to move into the I 

parasitized shoot and produce symptoms was of the same order as that | 

required for a similar movement of curly-top virus. However, the beet- j|i 

mosaic virus moved into the check shoot in a much shorter time than did f 

the curly-top virus. ij 

The quicker appearance of symptoms of beet mosaic on the check shoot j 

probably is due to the types of tissue in which movement takes place. 

Apparently movement of either virus into the check shoot through the 
phloem can be prevented so long as a continuous flow of food materials out 
of this shoot is maintained. Since the virus of curly top apparently moves 
readily only in the phloem, it may be prevented in this way from entering 
the check shoot for an indefinite period. However, the virus of beet mosaic, 
in addition to being able to move through the phloem in the direction of food 
transport, also is able to move slowly, but at a more or less uniform rate, 
through the parenchyma, probably by diffusion aided by protoplasmic 
streaming. Average periods of 32 to 57 days required for the production 
of symptoms of mosaic on the check shoots probably are long enough to 
enable the virus of beet mosaic to pass into the check shoots by movement 
through the parenchyma alone. As in the ease of the curly-top virus, how- 
ever, the virus of beet mosaic can be induced to move rapidly through the 
phloem into noninoculated shoots by defoliating the shoots or by placing 
them in the dark. 

MECHANICS OF TRANSMISSION OF VIRUSES BY DODDER 

Some viruses, such as that of dodder latent mosaic, were transmitted to 
all inoculated plants by each of the three species of dodder ; whereas, others, 
such as the virus of beet mosaic, were not transmitted. With certain viruses 
there is considerable variation among the species of dodder in ability to 
transmit. For example, the virus of tobacco etch was transmitted to all 
inoculated plants by Cuscuta calif ornica but not by (7. subinclusa or C. cam- 
pestris. All of the factors responsible for these variations are not clear but 
it seems probable that the differences may be explained in part on the basis 
of the anatomical relationships of dodder to the host plant coupled with the 
relationship of different types of viruses to the tissues of the host plant and 
to dodder. 
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Anatomy of the Haustoriiim and Its Relationship to the Host 

Since viruses that are acquired by or are introduced into a plant through 
the medium of dodder must pass through the haustoriiim, the anatomy of 
the haustorium and its relationship to the host plant are of extreme impor- 
tance in any attempt to visualize the mechanics of acquisition or transmission 
of viruses by dodder. 

The formation of the haustorium of Cusciita was described by Peirce 
(15) and by Thoday (18). According to these investigators, sucker-like 
processes arise from the epidermis of the dodder stem and adhere firmly to 
the host plant. A true haustorium, regarded morphologically as an adven- 
titious root, then begins to develop in the cortex in the region of the peri- 
cycle. When this comes in contact with the host numerous surface cells of 
the haustorium develop into elongated hypha-like strands that penetrate 
deep into the tissue of the host In this process host cells are absorbed and 
the strands of the central portion of the haustorium fuse into a more or less 
compact tissue. Some of the central strands make contact with the xylem 
and become differentiated into tracheids ; others make contact ‘with the 
phloem. 

All investigators agree there is an unbroken tracheal connection betiveen 
host and parasite through the mature haustorium. This is easily demon- 
strated even in free-hand sections in Cuscuta suhinohcsa in sugar beet and 
tobacco. The character of the connection with the phloem, however, is not 
so clearly evident. Thoday (18) states that in the species of Cuscuta studied 
by her the hypha-like cells of the parasite enlarged at the tip as they ap- 
proached sieve tubes of the host and the cell walls became plastic and 
gelatinous. The cell walls at the tips seemed to disappear and the proto- 
plasm applied itself directly to the wall of the sieve tube of the host usually 
either over a lateral sieve plate or a sieve field. The strands then developed 
into sieve tubes with short cells. 

InCuscuia odorata on Pelargonium zonale Willd., Schumacher (16) 
found that the ends of elongated feeding cells made contact with the host 
sieve tubes and flattened out and elongated in one or both directions parallel 
to the long axis of the sieve tube. Numerous finger-like processes grew out 
and firmly clasped the sieve tube. Thin walls of the cells of the parasite 
were directly attached to the unbroken wall of the sieve tube and no evidence 
of lateral sieve plates or of plasmodesmata connecting host with parasite 
was obtained. The feeding strands were not observed to differentiate into 
sieve tubes in the haustorium. In passage from the sieve tubes of the host 
to those of the parasite it would be necessary under these conditions for 
materials to move through the cell wall of the host sieve tube, the cell wall 
of the feeding cell of the parasite and through parenchyma-like tissue tra- 
versing the entire length of the haustorium. 

Sections of petioles of sugar beet and stems of Nicotiana glauca snid 
Turkish tobacco, parasitized by Cuscuta siibinclusa^ were prepared and 
studied by Katherine Esau of the University of California. She^ found 

3 Letter to the writer. 
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cells in the haustoriiim that had no nuclei but possessed sieve plates with 
evident callus cylinders. Like typical sieve-tube elements, these cells con- 
tained little chromatic material and had companion cells. These sieve tubes 
were traced to their union with the long hypha-like cells that in their turn 
connected with the phloem of the host and formed among the phloem cells 
the finger-like processes described by Schumacher (16). The method of 
union between the haustorial cells and the sieve tubes of the host was not 
ascertained. 

Eegardless of the technical terminology that should be used to designate 
the food-transporting tissue throughout the length of the haustorium, it is 
evident that within the haustorium there is a tissue that functions in a highly 
efficient manner in the transport of mateidals from the host to the parasite. 
Ctiscuta suhinchisa on tobacco sometimes produces a stem elongation of 3 
inches or more in 24 hours. This amount of growth would involve the trans- 
port of relatively large volumes of material. Schumacher (16), on the basis 
of growth rates and cross-sectional areas of the haustorium, calculated that 
materials moved out of the host plant into Cuscuta odoraia at a rate of from 
1.6 to 6.2 mm. per hour where movement was considered to take place 
through the total cross-sectional area of the haustorium. However, since 
movement probably takes place through only a limited part of the total cross- 
sectional area of the haustorium, actual rates may be far in excess of those 
indicated by these figures. 

The haustorium of Cuscuta suhinchisa makes a close union with the 
tissues of sugar beet and tobacco. The line of demarcation between host and 
parasite is evident toward the surface of the host tissue but in the vascular 
region and in the part immediately outside of the vascular region union is 
so close that it is difficult, in some eases, to differentiate between cells of the 
parasite and those of the host. 

In Cuscuta odorata Schumacher and Halbsguth (17) found that the 
long, hypha-like, terminal cells that radiate from the haustorium and grow 
through the parenchyma of the host have what they interpreted as number- 
less fine plasma threads in their walls that pass through the walls to their 
outer surfaces. Such threads were lacking, however, in walls of cells that 
attached themselves directly to the sieve tubes of the host. 

In sections of the haustorium of Cuscuta suhinclusa in sugar beet and 
tobacco with which a staining technique to show plasmodesmata was em- 
ployed, Esau^ found darkly stained granules in linear series traversing the 
walls of haustorial cells that penetrated into the cortical parenchyma of the 
host. Students of plasmodesmata commonly interpret such lines as a result 
of the precipitation of the stain (gentian violet in this instance) in^places 
where cytoplasm was present in the living state. If this interpretation is 
correct, the granular lines within the walls of the host and parasite cells 
indicate the position of plasmodesmata in these walls. The arrangement and 
density of these lines are illustrated in figure 3. They are numerous and 

4 Letter to the writer. 
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rather uniformly distributed in the haustorial cell walls and are continuous 
from the lumen of the haustorial cell to the lumen of the invaded host cell. 
In the parenchyma cells of the host the lines are numerous in some walls, 
few or absent in others, and often are confined to the pit areas. In figure 



Eig. 3. Eree-liand sections of tobacco and sugar-beet stems and petioles showing 
the relation of the haustorial cells ot Cuscuta suMnclusa to the cells of the host. Plas- 
modesmata are in the haustorial cells and in the walls of the host plants, either scattered 
throughout the wall (A) or concentrated in the pit areas (B and C at p). A, Haustorial 
cell in transverse section adjacent to a wall of a parenchyma cell of Nicotiana tdbamim; 
B, end of a haustorial cell and a portion of a parenchyma cell of Nicotiana glauea; 0, 
sugar-beet parenchyma with sections of three haustorial cells ; D, branch of haustoriai 
cell adpressed to the walls of a primary-phloem fiber (fb) of Nicotiana glauea, secondary 
walls of the fibers marked by concentric lines, f b, fiber ; h.c., haustorial cell ; p., pit. 
A, B, and I) x 730 ; G x 163. Sections and drawings by liatherine Esau. 

3, A, lines passing through the walls of the outermost cell of the haustorium 
meet similar lines traversing the wall of the adjacent host cell. 

All haustoria illustrated in figure 3 occurred within the parenchyma 
tissues of the host. In the walls of the ultimate "'ani’fications of the haus- 
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torial cells within the phloem of the hosts no plasniodesmata were identified 
with certainty. 

If these darkly-stained lines traversing the walls of the peripheral cells 
of the hanstorium of Gtiscuta suhinchisa and similar strnctnres in the walls 
of hypha-like strands of Cuscicta odoraia represent plasmodesmata, it is 
evident that the protoplasm of the parasite may provide direct contact with 
protoplasm of the host through the medium of these protoplasmic strands 
passing through the cell walls. This is of special significance for the trans- 
mission of certain types of viruses by dodder, since there is strong evidence 
pointing to plasmodesmata as the avenues of virus movement in the passage 
of viruses from cell to cell in the parenchyma of flowering plants. 

Movement of Viruses into Dodder 

If food movement is the result of flow of liquid content of the phloem 
from points of higher pressure to those of lower tension as suggested by 
Miinch (14) and by Crafts (6), any material, including virus, not filtered 
out by passage of the liquid through intervening cell walls or membranes, 
would pass readily froin the phloem of diseased plants into dodder. The 
concentration of virus in the phloem of dodder soon would equal or surpass 
that in the phloem of the host if not rapidly inactivated in the phloem of 
dodder. The concentration of virus in dodder, therefore, probably would 
be infiuenced decidedly by the concentration of virus in the phloem of the 
host plant. 

It may be assumed with considerable certainty that the virus of curly top 
is closely limited to the phloem of its host plants. This may be true also for 
most of the yellows^’ type of viruses that produce disturbances in the 
phloem but which do not produce mottling, rings, local lesions, or other types 
of disturbances that indicate a direct effect on the parenchyma. Viruses 
causing mottling, various types of lesions, and other types of disturbances in 
parenchyma, on the other hand, occur in both phloem and parenchyma, 
although there is some evidence that the concentration of such viruses in the 
phloem, in some cases at least, may be low compared with that in the paren- 
chyma. 

On the basis of this reasoning it would be expected that phloem-limited 
viruses, as a rule, would pass into dodder in relatively high concentrations. 
Also it would be expected that mosaic viruses would move into dodder, in 
lower concentrations and, if unable to invade parenchyma of dodder and 
accumulate concentrations of virus there, often would be found in low con- 
centrations in dodder, especially if the rate of inactivation in dodder were 
relatively high. This may account for the very low concentration or absence 
of the virus of tobacco mosaic, beet mosaic, and tomato ringspot in dodder 
growing on diseased plants. In cases, however, where dodder is a host of 
the invading virus, such viruses would multiply in the dodder and reach a 
high concentration. In certain cases where dodder is not a host of the virus 
it may be that appreciable concentrations of virus are reached in dodder 
by invasion of parenchyma and temporary storage in this type of tissue. 
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It is possible also that mosaic viruses may enter dodder through the 
parenchyma contacts of the haustorium with the host ; but, since this type 
of entry involves movement through a considerable amount of parenchyma 
tissue in which movement is slow, it would not be expected to influence 
appreciably the concentration of virus found in the dodder. 

Movement of Viruses Out of Dodder 

There appear to be three ways by which it is possible for viruses to move 
from dodder into healthy host plants and produce infection : (a) The virus 
may move through the phloem or food transport cells of the haustorium 
counter to the prevailing direction of food transport and become established 
in the host plant where it would be able to multiply and produce systemic 
infection, (b) There is some question as to whether or not the tips of some 
of the hypha-like strands of the haustorium that penetrate the host cells 
have well-defined cell walls. If the growing tips of these structures are 
naked protoplasm and susceptible to infection, virus may pass by way of 
these directly from the protoplasm of the parasite into the protoplasm of the 
host and continue to move through the parenchyma tissue of the host until 
a systemic infection is produced, (c) If the structures observed traversing 
the walls of haustorial cells of Cusmita suhinclusa and C. odorata are plas- 
modesmata it would seem possible for any virus able to invade the outer 
parenchyma cells of the haustorium to move along these protoplasmic strands 
and enter the host protoplasm either through similar strands penetrating 
the w^alls of adjacent host cells or by passage into host protoplasm applied 
to the outer surface of walls of the invading hypha-like cells. Invasion of 
the host parenchyma and eventually of the entire plant could then take 
place. 

The path taken by a virus in passing from dodder to a host plant, there- 
fore, would be determined largely by its relationship to the different tissues 
of dodder and the host plant. It would be expected that the phloem- 
restricted (yellows type) viruses and parenchyma-inhabiting (mosaic type) 
viruses would have rather marked differences in relation to their transmissi- 
bility by dodder. 

Viruses of the Yellows Type. The path available for passage of phloem- 
limited viruses would seem to be largely or wholly restricted to specialized 
transport cells (sieve tubes ?) of the haustorium. At what stage in haustorial 
development this pathway would become available for virus movement into 
the host is problematical. If the hypha-like cells of the haustorium that 
later develop into food transport cells are subject to invasion by virus, it is 
possible that infection of the host may occur at the time contact between 
these hypha-like cells and the sieve tubes of the host is made, or soon after. 
If virus is unable to pass into these young haustorial cells before they 
develop into transport cells, as seems more likely, and infection is delayed 
until movement of food materials out of the host begins, infection then would 
involve movement of virus put of dodder into the host plant counter to the 
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general direction of movement of elaborated food materials. However, tbis 
movement would be tbrongli a very short distance, for when dodder is 
trained from a diseased to a healthy plant the virus continues to pass, for 
a time at least, from the diseased plant along the stem of dodder past the 
new haustoria developing in the healthy plant. A virus such as that of curly 
top, moving from the diseased plant, would pass through the phloem in the 
strands of dodder within a millimeter, more or less, of the phloem of the 
healthy plant. Moreover, so long as the virus retained its activity it would 
be present in the phloem of dodder only a short distance from the phloem of 
the new host. The fact that virus of curly top did not bridge this short 
distance and produce infection in dodder-inoculated plants more often than 
was found is evidence of a high degree of efficiency on the part of dodder in 
maintaining a condition of continuous flow of material out of the host plant. 

The frequency with which such viruses are able to pass through the 
haustorium and enter the host plant probably depends on concentration of 
virus in the dodder, duration of period of activity of virus in the phloem of 
dodder, and perhaps on other factors such as temporary slight reversals of 
food flow between dodder and host. Since phloem-limited viruses probably 
occur in relatively high concentrations in the phloem of their hosts, it would 
be expected that they would enter dodder in relatively high concentrations. 
All such viruses that retain their activity for appreciable periods of time in 
the phloem of dodder should be transmissible; but on the basis of the evi- 
dence regarding the difficulty of movement of virus through the haustorium 
counter to the direction of food flow they should be transmissible, as a rule, 
to relatively low percentages of the inoculated plants except in eases where 
dodder is a host of the virus, in which case high percentages of infection 
should be obtained, but perhaps only after longer periods of contact between 
the infected dodder and healthy host plant. 

These conclusions are supported by the available results of tests with 
Cuscuta campestris (Table 7). Of the 19 viruses listed, 7 are classified as 
belonging to the yellows group and all of these are transmissible by Cuscuta 
campestris. Pour of the 6 viruses on which data are available, were trans- 
mitted to 26 per cent of inoculated plants or less. Dodder has not been 
shown to be a host of any of these 4 viruses. A high percentage of infection 
w^as obtained with each of the 2 remaining viruses. Of these latter, Costa 
(5) has shown that the virus of cranberry false blossom multiplies in Ciiscuta 
campestris; and the high percentage of plants infected by potato witches 
broom virus suggests that C. campestris also may either be a host of this 
virus or able to retain active virus for a long time. On the basis of these 
results it may be expected that many other viruses of the yellows type will 
prove to be transmissible by dodder. 

Tiruses of the Mosaic Type, If present in comparable concentrations in 
the phloem of dodder, it would be expected that mosaic viruses would be able 
to produce infection as readily as yellows viruses by moving through food 
transport cells of the haustorium into the host counter to the direction of 
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movement of materials into the parasite. Ploweveiv since there is evidence 
that some of the mosaic viruses occur in low concentrations in the phloem 
of their host plants, it may be that as a rule these viruses are picked up in 
low concentrations by dodder. Furthermore, if the phloem of normal host 
plants is an unfavorable medium for such viruses, the phloem of dodder 
should prove to be an even more unfavorable medium, and after passage into 
dodder the initial low concentration of virus probably would be reduced still 
further by inactivation. Thus mosaic viruses not only may enter the phloem 


TABLE 7. ’—Summary of information available on transmission of viruses 'by Cusciita 
campestris 


Disease induced by 
tested virus 

Plant inoculated 

No. 

plants 

inocu- 

lated 

Plants 

infected 

Au- 
thority a 

YelloAVS type: 

Sugar-beet curly top 

Sugar beet 

196 

Num- 

ber 

51 

JPer 

cent 

26 


Sugar-beet yellow wilt 

Sugar beet 

17 

4 

24 

(4) 

Aster yellows 

Aster 

50 

4 

8 

(9) 

Tomato bushy stunt 

Tomato 

20 

5 

25 

(9) 

Cranberry false blossom 

Tomato 

93 

69 

74 

(5) 

Peach rosette 

Tomato 

Not stated 


f 

(12) 

Potato witches ’-broom 

Vinca rosea 

48 

42 

82 

(13) 

Mosaic type : 






Sugar-beet mosaic 

Sugar beet 

180 

0 

0 


Cucumber mosaic 

Tobacco, var. Turkish 

90 

90 

100 


Mustard mosaic 

Brassica adpressa 

128 

15 

12 


Tobacco mosaic 

Tobacco, var. Turkish 

117 

ic 

1 


Tomato ringspot 

Tobacco, var. Turkish 

40 

0 

0 


Tobacco etch 

Tobacco, var. Turkish 

40 

0 

0 


Dodder latent mosaic 

Pokeweed 

120 

120 

100 


Tomato spotted wilt 

Tobacco, var. Turkish 

41 

7 

17<J 


Citrus psorosis 

Citrus sp. seedlings 

10 

0 

0 


Tobacco ringspot 

Tobacco, var. Turkish 

32 

0 

0 

(9) 

Pea wilt 

Medicago lupiiUna Jj. 

8 

5 

62 

(9) 

Pea mottle 

Medicago lupulina 

8 

0 

0 

(9) 


a Where authority is not indicated, results are those reported in this pu*blication in 
tables 1 and 2. 

b Plus sign indicates that infection was obtained but number of infected plants was 
not stated. 

c However, Johnson (9) reported infection in 13 of 26 Turkish tobacco plants and 
Costa (5) reported infection in 5 of 31 tomato plants inoculated by means of Ciiseuta 
campestris. 

dJn limited tests a higher percentage of infection was obtained on Nicotiana gluti- 
nosa (Table 2). 

of dodder in low concentrations but may tend also to be lost rapidly from 
the phloem, possibly in some eases before they pass through considerable 
lengths of stems of dodder. For these reasons it may be that infection by 
mosaic viruses by passage from dodder to the host plant through the food 
transport cells of the haustorium would occur less often than with yellows 
viruses that may occur in higher concentrations in the phloem and be better 
adapted to survive in this type of tissue. 

However, mosaic viruses invade the parenchyma of their host plants and 
reach relatively high concentrations in such tissue, and it is probable that 
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transmission of mosaic viruses to high percentages of inoculated plants will 
be found associated with ability of these viruses to invade parenchyma of 
dodder. Invasion of parenchyma would enable virus to move through the 
haustorial tissues to the peripheral cells of the haustorium from which it 
would be able to move through the plasmodesmata traversing the walls of 
cells in or adjacent to those of the host and invade the protoplasm of the 
host plant. As already suggested, it is possible also that if the tips of j^oung 
invading hypha-like cells of the haustorium are devoid of cell walls and con- 
tain virus, infection by mosaic viruses may take place by direct passage of 
virus from the invading protoplasm to that of the host. 

In view of the evidence indicating low concentration of mosaic viruses 
in the phloem of dodder, occurrence of such a virus in relatively high concen- 
tration in the juice of dodder should be evidence of its ability to invade 
parenchyma of dodder. Therefore, all mosaic viruses that occur in rela- 
tively high concentrations in expressed juice of dodder should be trans- 
missible by dodder to high percentages of inoculated plants. 

These conclusions are supported by information on transmission of paren- 
chyma-inhabiting viruses by means of C^iscuia campestris presented in table 
7. Of the 12 viruses listed, 2 were transmitted to 100 per cent of inoculated 
plants, 1 to 62 per cent of inoculated plants, 3 to small percentages of inocu- 
lated plants, and 6 to none of the inoculated plants. Cuseuta campestris 
appears to be a host of both of the viruses transmitted to 100 per cent of 
inoculated plants. No information is available regarding the relationship 
to C. campestris of the virus transmitted to 62 per cent of inoculated plants. 
There is no evidence that the viruses of any of the other diseases trans- 
mitted to low percentages of inoculated plants or nontransmissible occur in 
dodder in any appreciable concentration. Also, with Cuseuta suJbinclusa 
and 0. calif ornica there is a marked correlation between indicated concen- 
tration of virus in dodder (Table 4) and percentage infection produced by 
means of dodder on inoculated plants (Tables 1 and 2). Strong additional 
support for these concepts is afforded by the fact that Cuseuta calif ornica 
had relatively high concentrations of virus of tobacco etch, transmitted the 
virus from diseased to all inoculated plants of Turkish tobacco, and retained 
virus 4 weeks while growing on immune hosts ; whereas, in xiarallel tests no 
virus was recovered from either Cusciita suhinclusa or C, campestris and no 
infection was obtained by means of either of these species. 

With the mosaic type of virus, therefore, it may be expected that as a 
rule transmission by means of dodder will prove to be either very high or 
very low or absent. Those viruses that are able to utilize dodder as a host 
or that are able to invade the parenchyma of dodder and retain their activity 
for considerable periods in such tissue will be transmissible to a high per- 
centage of inoculated plants,- whereas, those not able to utilize dodder as a 
host or to invade the parenchyma of dodder will be, as a rule, either not 
transmissible or transmitted sporadically. 
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SUMMARY 

Transmission of 12 plant viruses by three species of dodder, Cuscuta sid )- , 
inolusa, C. campestris, and G. calif ornica^ was studied. The viruses of 
dodder latent mosaic and cucumber mosaic were transmitted to high per- 
centages of inoculated plants by each of the three species of dodder. The 
viruses of curly top and spotted wilt were transmitted to smaller proportions 
of inoculated plants. The virus of mustard mosaic was transmitted to high 
percentages of inoculated plants by Cuscuta calif ornica but to low percent- 
ages by the other two dodder species. The virus of tobacco etch was trans- 
mitted to all inoculated Turkish-tobacco plants but was not transmitted by 
either of the other species. No transmission of the virus of tobacco mosaic 
was obtained with Cuscuta calif ornica but a very low percentage of Turkish 
tobacco plants inoculated by means of the other two species became infected. 
No transmission was obtained of the viruses of sugar-beet mosaic, sugar-beet 
yellow vein, tomato ringspot, citrus psorosis, or peach mosaic by any of the 
species of dodder. 

In tests to determine longevity of viruses in dodder growing on nonin- 
fected host plants, the viruses of cucumber mosaic and dodder latent mosaic 
were active in the three species of dodder after periods of 1 to 4 months. 
The virus of curly top was not recovered in periods longer than 10 days. 
The virus of mustard mosaic was active in Cuscuta calif ornica after 20 days 
but not after 40 days ; apparently it was lost from C. sulinclusa and C. cam- 
pestris in shorter periods. The virus of tobacco etch persisted in Cuscuta 
calif ornica for periods of 2 to 4 weeks but was not recovered from the other 
two species. 

Tests of relative concentration of virus in dodder and infected plants on 
which the dodder was growing indicated that the concentrations of curly top 
virus in dodder were about equal to or slightly less than those in diseased 
sugar beet. Concentrations of the virus of dodder latent mosaic were some- 
what lower than in diseased pokeweed plants. Concentrations of cucumber- 
mosaic virus were about equal to those of the host in Gioscuta suhinclusa and 
G. calif ornica? but little virus was recovered from juice of C. campestris? 
possibly because of inhibitory effects of juice of this species. Concentra- 
tions of the virus of mustard mosaic in Cuscuta calif ornica were considerably 
lower than those of the host; no virus was recovered from C. campestris or 
G. suhinclusa: Concentrations of virus of tobacco etch appeared to be as 
high in Cuscuta calif ornica as in the host but no virus was recovered from 
the other two species of dodder. Concentration of the virus of tobacco 
mosaic appeared to be low in each species of dodder as compared with the 
host. No virus was recovered from dodder growing on plants infected by 
sugar-beet mosaic, sugar-beet yellow vein, or tomato ringspot. 

The Aurus of dodder latent mosaic was transmitted through 2.4 per cent 
of the seeds of Cuscuta calif ornica and through 4.9 per cent of the seeds of 
C, campestris. The virus was active in seeds of the latter species after a 
storage period of 1 year. 
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The movement of the viruses of curly top and cucumber mosaic in dodder 
stems was much more rapid toward growing points and away from the host 
than in the opposite direction. Growth of dodder on one shoot of beet plants 
with three shoots on a single root system induced movement of the curly- top 
virus from an inoculated shoot in periods of from 32 to 46 days ; whereas, 
check shoots remained free of symptoms for periods of 113 to 149 days. 

The tracheal elements of dodder make direct contact with those of the 
host through the haustorium. There is disagreement regarding the nature 
of the cells uniting the phloem of the parasite with that of the host but it is 
evident that food materials move rapidly through these cells and that they 
function as phloem. The walls of certain outer cells of the haustorium are 
traversed by lines that appear to be plasmodesmata. These in some cases 
appear to join with similar lines in walls of adjacent host cells. 

Viruses appear to be acquired by dodder mainly by movement from the 

I host into the parasite through the phloem with the food materials. Infec- 
tion probably takes place: (a) by movement of virus from the phloem of 
dodder through the haustorium into the phloem of the host counter to the 
prevailing direction of food movement, and (b) by passage from the paren- 
chyma of the haustorium into that of the host through plasmodesmatal 
strands or from naked protoplasm of invading hypha-like cells. It is sug- 
gested that infection by yellows-type viruses may be effected by the first 

I method and that infection by mosaic-type viruses may be effected chiefly by 

the second method. An analysis of the available information on trans- 
mission of viruses by Gusciita campestris shows that all tested viruses classi- 
fied as yellows types are transmitted but, in general, to low percentages of 
plants ; whereas, relatively few of the mosaic-type viruses are transmissible 
I but those that are transmitted in general are transmitted either to a very 

j high or to a very low percentage of inoculated plants. 

U. S. Sugar Plant Field Laboratory, 

Kiverside, California. 
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REPORT OE THE TWENTY-SEVENTH ANNUAL MEETING 
OF THE PACIFIC DIVISION OF THE AMERICAN 
PHYTOPATHOLOGICAL SOCIETY 

The 27th annual meeting of the Pacific Division of the American Phytopathological 
Society was held at Oregon State College, Corvallis, June 26 to 28, 1944. Thirty-two 
members and 12 non-members from Washington, Oregon, Calif oxmia, Idaho, Nevada, and 
Washington, D. C., attended the scientific sessions and a lesser number attended the two 
field trips. Twenty-two papers were presented. At the business meeting it was voted to 
purchase three $100 War Bonds in the name of the American Phytopathological Society 
from the funds of the Pacific Division. 

Officers for 1945 were elected as follows: President: B. L. Bichards; Vice-President: 
H. E. McLarty; Secretary-Treasurer: Geo. W. Pischer; Councilor: L. D. Leach; Eex3re- 
sentative. Pacific Division A.A.A.S.: L. D. Leach. 

Abstracts of jiapers jxresented follow. 

C. E. Yarwood, 
Secreiary-TreasiLrer. 

Further Evidence of Fallen Dissemination of Walnut Blight. P. A. Ark, In the 
spring of 1944, many recently pollinated nuts (3 to 5 mm. in size) in a commercial walnut 
orchard were completely blighted by Phytomonas fuglandis. No foliar blight and hold- 
over lesions occurred on the majority of trees examined. This condition prevailed on both 
Bordeaux-sprayed and unsprayed trees. Wash water from apparently healthy leaves and 
nuts from trees in the blighted orchard yielded virulent cultures of P. juglandis. Young 
Northern California black walnut trees, although planted 25 to 50 feet from blighted 
Payne trees had numerous leaf infections from the tree top to the ground line. However, 
no cankers or blighted dormant buds could be detected on these trees. In the absence of 
hold-over lesions, it is assumed the disease was induced by walnut iiollen grains abundantly 
present on the leaves. Since many nuts are initially blighted at the apical end, and 
because some well-separated, young, non-bearing trees develop foliar blight in the absence 
of overwintering foci of infection, it is believed the high incidence of the disease this 
spring may be attributed to contaminated wind-borne walnut pollen, originating in par- 
tially blighted catkins of the highly susceptible Payne variety.’ 

Bacterial Blight of Purple Vetch Caused hy Phytomonas pisi. P. A. Ark. In a field 
of several acres in Sonoma County, California, purple vetch (Vida atropurpurea Desf.) 
and Canadian field peas (Pisum sativum L. var. arvense) were found severely blighted by 
Phytomonas pisi. In many cases the disease on the vetch originated at the middle of the 
stem, spread rapidly toward the base, and quickly killed the plant. Occasionally only the 
tips of the plants were blighted, and the progress of the disease probably was checked by 
an increase in temperature- Pea x>lants developed blight lesions with isolates from both 
hosts, and successful cross-inoculation was obtained in the greenhouse. 

Phytophthora Boot Bot of Guayule. Akvin J. Brauh. A root rot caused by Phy- 
toplithora drechsleri Tucker has been observed in many irrigated field plantings of guayule 
in California, especially on the heavy, poorly drained soils. The greatest loss occurs on 
the clay soils of the Tracy-Newman district where root rot was observed in 22 of the 25 
fields surveyed in September, 1943. Losses of 5 per cent or more of the plants were 
recorded for 625 of the 3745 acres included in the survey. When the lesion girdles the tap 
root the plant wilts rapidly, the leaves turn gray, dry, and usually remain firmly attached 
to the plant for the remainder of the season. The root lesions are black, sunken, and 
firm, the upper margin usually being 2 to 6 inches below the ground line. Field observa- 
tions and temperature tank studies show that soil temperatures above 60° P. are necessary 
for infection. Soil moisture in excess of the field capacity for extended periods is par- 
ticularly conducive to the development of root rot. This condition is more readily attained 
on the heavy, poorly drained soils and on soils underlain with a claypan or hardpan. Con- 
trol is effected by avoiding soil moisture conditions favorable to infection at times when 
the soil tcMiperature at the 6-ineh depth is above 65° F. 

Blac'k Streak, a Bacterial Disease of Sugar Beet in the Pacific Northwest. Eubanks 
Carsner. a bacterial disease characterized by black er dark brown lesions on leaf blades, 
petioles, and seed stalks of sugar beet has been observed near Gazelle, Ft. Jones, and 
Montague in northern California, in the vicinity of Mt. Yernon in western Washington, 
and for several years and in many places in the Willamette and Kogue Biver valleys of 
Oregon. The causal organism apparently enters through hydathodes and through wounds. 
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Frequently it invades tissue injured by downy mildew. Field observations suggest that 
the causal organism may be seed borne. Sugar beet varieties vary in susceptibility to 
black streak, but in no field observed has the injury been a major factor affecting seed 
yield. The causal bacterium is probably the same as that described as Bacterium aptatum 
"by Nellie A. Brown and Clara 0. Jamieson (Jour. Agr. Bes. 1: 189-210. 1913). 

The Complex Concept of the Peach Mosaic and Certain Other Stone Fruit Viruses, 
L. C. Cochran. Several years ’ study has shown that peach mosaic virus from individual 
sources produces uniform symptoms on Hale peach, but the same virus from separate 
sources varies extensively in intensity and type of symptoms. Viruses from different 
sources were previously arbitrarily divided according to effect into severe, medium, and 
mild eategoiues and were called strains. Further studies indicate the existence of infinite 
categories and, given enough sources, these overlap to form a symptom gradient in which 
no definable strains can be segregated. When peach mosaic virus from various sources is 
placed in apricot and certain other stone fruits, a severe to symptomless gradient results 
wdiich may or may not agree with the severity in peach. Mild to severe symptom gradients 
are also known for ring spot, asteroid spot, and certain of the cherry viruses. If certain 
viruses are groups there is need for group terminol6gy. Following a suggestion of 0. W. 
Bennett, it is proposed that the term strain he reserved for variants that are sufficiently 
definable to be recovered from nature and identified. It is further proposed that the term 
form or isolate with appropriate descriptive adjectives be used for viruses from individual 
sources which vary widely in symptom expression. Collectively such viruses may be 
referred to as complexes. 

Some Host-tissue Relationships of the Peach Mosaic Virus, L. C. CochrxVn and John 
L. Eue. Evidence that the peach mosaic virus invades all living parts of the peach tree 
except seeds has been obtained through transmission with infected leaf, fruit, bark, and 
wood tissue. Inoculations were made by placing the infected tissue under the bark in T 
cuts, as in budding. Some leaf sections were green 75 days after inoculation and appeared 
to have united with the wound callus. Some of the fruit sections remained firm and green 
25 days after inoculation. Transmission was accomplished with green, hard ripe, and 
with firm juicy ripe peach fruit tissue but not with soft ripe, or dried fruit, or with pieces 
of integuments or embryo. Fruit tissue from infected plums, apricots, and almonds and 
wood shields cut from apricot and peach twigs, from which the cambium had been removed, 
transmitted to peach. The incubation period of the peach mosaic virus in peach varies 
proportionately with the growth condition at the time of inoculation. Trees inoculated 
when breaking dormancy and those with l-inch leaves developed symptoms in 14 and 50 
days, respectively. Trees with initial leaves fully expanded usually developed symptoms 
only in shoots in line with and below the inoculation point. Trees inoculated after June 
usually developed no symptoms until growth started the following year. 

The Mode of Infection and the Incubation Period in the Stem Smut of Grasses, 
UstUago hypodytes, George W. Fischer. During intensive observation and exj)erimen- 
tation on stem smut at Pullman, Washington, it has been discovered that infection occurs 
in vegetative parts of the host and that the incubation period is at least 2 years and more 
often 3 years. In planted stands of crested wheatgrass {Agropyron cristatum) and other 
grasses, in no ease has stem smut appeared before the third heading of the grass. All 
blossom and seed inoculations with this smut have given purely negative results. Infection 
was obtained in crested wheatgrass, slender wheatgrass (A. trachycatilum) , and Canada 
wild rye (Flymus canadensis) , -with stem smut from several species of Agropyron and 
Elymus only by inoculation of mature plants. These had been clipped back after heading 
in 1939, sprayed with suspensions of smut spores, and then covered with wet burlap for 
48 hours. In 1941, a slight amount of stem smut was noted in some of the slender vrheat- 
grass and crested wheatgrass. In 1942 stem smut was abundant in nearly all rows of 
slender wheatgrass and crested wheatgrass, and in all of the Canada wild rye. The source 
of infection of the many species of Agropyron, Elymus, Hordeum, Poa, Sit anion and other 
genera is thought to be in the common heavy infestations of stem smut in quack grass, 
Agropyron repens, in eastern Washington and adjacent Oregon and Idaho. 

The Blind-seed Disease of Ryegrass (LoUum spp.) in Oregon. George W. Fischer. 
During 1942 and 1943 considerable difficulty was encountered with low germination of 
seed of perennial ryegrass, LoUum perenne, in sections of the Willamette Yalley, Oregon. 
This reduced germination has now been positively identified with the blind-seed disease 
(Vhialea temulenta), Apothecia have been found in abundance on L. perenne and L. 
tenudentum, and a few on old seeds of Hordeum gussoneanum. The coni dial stage of the 
blind-seed fungus was found on AgrosUs exarata var. monolepis, Air a caryophyllea, 
Alopeeurus geniculatus, Bromus raoemosus, Cynosurus echinatus, Dcschampsia caespitosa, 
Danthonia calif arnica, Festuca elatior, F. myuros, Glyceria 'borealis, Hordeum gusso- 
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neanum, Eolcus lanaius, and Thleum pratense, A method of qualitative and quantitative 
detection of blind-seed in current crops of perennial ryegrass and in seed samples is now 
being worked out. It is a modification of the Nerv Zealand method in that random head 
samples are chopped and soaked a short time in water, which is then strained through 
cheesecloth and centrifuged. The residue is then examined microscopically for the pres- 
ence of the characteristic conidia, the extent of whose presence indicates the severity of the 
disease in the field represented. No apothecia were found where low-germination (53 
per cent) seed was planted in the spring, whereas the same seed, planted in the fall gave 
an average of 6.8 apothecia per square foot the following spring. 

Vegetable Seed-treatment Trials in Western Washington in 1944. C. J. Gould. Vege- 
table seed-treatment tests in southern, central, and northern areas of western Washington 
in the spring of 1944 demonstrated: that materials superior in one area were generally 
superior in all, despite differences in soil type, rainfall, etc.; that Arasan, Spergon, and 
Semesan could be safely used on the crops tested by applying an excess of dust to the 
seed, shaking, and screening off the residue, but that Cuprocide sometimes reduced stands 
when used in this manner ,• and that of the new materials tested Arasan was very effective 
on many vegetable seeds, Dow 5 (tetrachloro-quinone) and Dow 6B (trichloro-phenol) 
were promising on a few, and U. S. Eubber 604 (dichloronaphtho-quinone) was very good 
on those on which it was tried. Ten treatments with 5 replications of 200 seeds each were 
used on each crop at each location. Twenty-six of the 35 tests were statistically signifi- 
cant. The best results were obtained on each crop with the following materials: Peas — 
Spergon, Semesan, -and U.S.E. 604; Beans — Spergon and Semesan; Spinach — ^Arasan, 
Cuprocide, D.S.E. 604, and 2 per cent Ceresan; Beets — 2 per cent Ceresan and Arasan; 
Chard — 2 per cent Ceresan and Arasan ; Squash — Cuprocide and XJ.S.E. 604 ; Corn — ^Arasan 
and U.S.E. 604; Lettuce — Spergon, Cuprocide, and Semesan; Onion — ^Arasan and Seme- 
san; and Kale— Semesan and Zinc Oxide. 

Leaf Loll of Potato in Washington. Leon K. Jones. Leaf roll has become ex- 
tremely damaging on potatoes in central Washington since 1938. The disease has spread 
very rapidly, and infection takes place from the time that plants emerge until the end of 
the growing season. The virus has been transmitted by grafting and by Mysus persicae 
Sulz., Mysus pseudosolani Theob., and Macrosiphim solanifolii Ashm., but not by mechani- 
cal inoculation methods. The abundant dissemination of the virus during the early 
season indicates that some other insect, as well as aphids, may also be a carrier of the 
virus. The yield of potatoes was reduced from normal to about 15 per cent when 100 
per cent of planting stock was infected with the virus, to 30 per cent when 25 to 30 per 
cent of planting tubers were infected, and to 60 per cent of normal when 12 to 15 per cent 
of planting tubers carried the virus. Early current season infection reduced yields to 
about 65' per cent of normal and late current season infection caused little or no reduction 
in yield. 

Incidence of Phoma Infection on Sugar-beet Seeds and the Efficiency of Seed Treat- 
ments. L. D. Leach. Among 125 seed lots planted in pasteurized soil in the greenhouse 
and examined for Phoma infection of seedlings, 24 lots were heavily infected. Severity 
of infection was apparently related to the summer rainfall in the seed-producing areas, 
being heavy on seed from the Willamette Valley, Oi'egon, where overhead irrigation is 
practiced, light to moderate on seed from Medford, Ore., Shasta Valley, Calif., and St. 
George, TJtah, and extremely light on seed from Hemet Valley, Calif. The practice of 
harvesting two successive seed crops from the same roots often resulted in several times 
as much P/iowwi infection on the second crop as on the first. Only certain seed lots, planted 
at low temperature, suffered severe pre-emergence damping-off from seed-borne Phoma. 
In germination trials with controlled soil temperatures, emergence from such lots increased 
with the temperature up to 25° C., above which only post-emergence infection occurred. 
Control, but not elimination, of seed-borne infection was obtained by dusting the seed 
with Ceresan, New Improved Ceresan, Arasan, or dichloro-naphthoquinone. Spergon and 
Yellow Cuprocide were relatively ineffective. A dip treatment with an ethyl mercury 
phosphate solution completely eliminated Phoma infection from 27 of 31 seed lots tested. 

The Application of Vapor Beat as a Practical Means of Disinfecting Seeds. E. P. 
McWhorter and P. W. Miller. The results of several hundred tests indicate that moist 
heat supplied by a vapor-heat machine has many advantages over hot water for seed treat- 
ment. These are: (1) critical temperature control is unnecessary to insure disinfection 
and prevent injury to seed; (2) treatment can readily be applied to tons of seed at a time ; 
(3) seeds are only slightly dampened and the same machine removes the excess moisture 
without rehandling the seeds ; and (4) vapor heat can be applied to seeds on moving belts 
suitable for large scale commercial seed handling. Peas, beets, cabbage, and several 
grasses will stand temperatures of 140° F. to 150° P. for 90 minutes to 40 minutes, respec- 
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tivelT -without significant reduction or retardation of germination. Pathogens belonging 
to the genera Mdcrosporiumj Fuscbriwu, and Sclerotinid are consistently killed at much 
lower temperatures in shorter time. Phoma is usually killed and bacterial infestation 
greatly reduced. Practical control of Fhoma on beets has been demonstrated. Pre- 
liminary tests indicate that Sclerotimcu slb a contaminant of cabbage seed and nematodes 
in and on grass seeds can be comi)letely eliminated without injury to the seeds. 

Transmission Studies with Alfalfa Witches' -hr oom. J. D. Menzies. Witches 
broom of alfalfa is graft-transmissible, with symptoms appearing in the stock approxi- 
mately 2 months after shoot grafting. When root grafting is used, the latent period 
varies from 5 to 6 months. The disease has been transmitted by shoot grafting to Medi- 
cago lupidina and M. hispida. Grafts of diseased scions to species of Melilotus and Tri- 
folium all failed to form unions, although many scions remained living for as long as 
three months. These scions persisted for this length of time by producing roots within 
the pith tissues of the stock stem. No disease transmission occurred with any of these 
inter-generic grafts. Witches ’-broom could not be transmitted by mechanical sap inocula- 
tion nor through the use of dodder. No evidence was obtained of transmission through 
seed. Insect vector tests have given good evidence that the leafhopper, Flatymoideus 
acutus Say., is capable of transmitting witches ’-broom. This species occurs throughout 
the United States and Canada, indicating a danger of future spread of witches ’-broom to 
new areas. 

Studies on the Control of Bean Bust. J. A. Milbrath. Bean rust in Oregon has 
become of sufhcient importance to ’warrant control only in one area where there is a large 
acreage of Blue Lake pole beans. Since the medial stage of the rust has not been found 
until about 3 weeks after the first appearance of the aecia, probably the telial spores are 
the only overwintering spores in this area. Large numbers of teliospores can be. found 
adhering to stakes used in the bean yards. Bean yards using old stakes from rusted fields 
invariably have more rust infection early in the season than those fields or parts of the 
same field using new stakes. Wire yards usually have less rust than staked yards. When 
contaminated stakes were placed with beans growing in cages in the greenhouse, numerous 
pycnial pustules developed in 3 to 4 weeks, while unstaked plants remained free from 
rust. Dipping contaminated stakes in lime-sulphur 1-10 or in copper sulphate 8-100 
prevented infection from the stakes. The commercial dusting sulphur, Kolodust, has 
greatly reduced rust infection when applied at 7-day intervals, if the dusting program 
was started before aeciospore formation. 

A Disease of Cahhage in Western Oregon Due to Cercosporella alhomaculans, P. W. 
Miller and P. P. McWhorter. During 1943 the foliage of cabbage grown for seed in 
Coos and Curry counties, Oregon, was attacked by a Cercosporella. The disease super- 
ficially resembled downy mildew infection, young lesions being black, of dendritic form; 
the old spots are rounded or rectangular, 10 to 20 mm. in diameter, definitely marginated. 
Wild turnip, Brassica oleracea, occurring as a weed in the plantings was abundantly 
infected -with. Cercospor a (Cercosporella) aXhomaculans Ell. et Ev. The species name 
refers to the white spots characteristic of the fungus on wild turnip. Cross-infections 
between cabbage and turnixjs and turnips and cabbage were readily obtained. Conidial 
characteristics of the fungus on both hosts place it definitely in the former genus Cerco- 
sporella, a genus given by Ellis and Everhart as second choice when they described the 
fungus from mustard. The cabbage disease is uncommon and is here interpreted as a 
case of natural transfer from wild turnip. 

Verticillium Wilt of Guayule. Henry Schneiber. Verticillium wilt has been de- 
structive in field-planted guayule in Kern County and less so in Monterey County, Cali- 
fornia. It has also been observed in indicator plots in Arizona and Texas. There was 
considerable variation in the resistance of the different guayule strains to wilt in the field: 
variety 405 was resistant, variety 109 was very susceptible, and varieties 406 and 593 (the 
ones commonly planted) were intermediate in susceptibility. In the San Joaquin Valley, 
Verticillium wilt was active during the spring and fall of 1943 when mean air tempera- 
tures were about 70° E. June, 1943, was unusually cool and consequently wilt was active 
for a longer period than usual. No new infections were noted from July through Sep- 
tember when mean air temperatures were about 80° E. Ecw infections occurred in the 
fall of 1943 in plots kept dry. In irrigated plots the numbers of infections were inversely 
proportional to frequency of irrigations. Diseased jdants did not recover as well in dry 
plots as in those that were irrigated. 

Copper Sulphate as an Bradicant Spray. C. E. Yarwood. Solutions containing 0.001 
to 0.1 per cent bluestone plus 0.05 per cent spreader applied to infected plants have given 
fair to excellent eradication of powdery mildews on bean, cucumber, cantaloupe, and rose 
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without marked host injury in greenhouse and field and have increased the yields of beans, 
cucumbers, and cantaloupes in the field. The dosage for equivalent eradication decreased 
with age of infection up to about 8 days, and was less during the day than at night. In 
greenhouse tests about 6 times as much bluestone was required for 95 per cent eradication 
when equal lime-Bordeaux (equal quantities of bluestone and of lime) was used as when 
bluestone without lime was used, but Bordeaux had greater protective action than blue- 
stone. This bluestone spray is considered of value in situations where sulphur dusts or 
sulphur sprays are unsatisfactory, and powdery mildew is the principal disease to be con- 
trolled. As an eradicant spray for bean rust and cucumber downy mildew, bluestone was 
more effective than Bordeaux, but was effective only up to about 24 hours after inocula- 
tion, and is not considered of practical value. 

Observations on the Overwintering of Powdery Mildews. C. E. Yarwood. Of the 
powdery mildews observed on 175 host species in California, perithecia have been observed 
on only 44. Heavy mildew infection on a few to many newly opened buds in the spring 
when most opening buds are healthy, indicates that bud infection may be an important 
means of overwintering of the j)Owdery mildews on apple, peach, wild rose, lilac, rasp- 
berry, grape, oak, plum, cotoneaster, Photinia serrulata, Spirea bumalda, and Pyrocantha 
crenulata. The occurrence of conidial stages of powdery mildews on rose, cereals, cru- 
cifers, Euonymus, Hydrangea and on several weeds during the winter months indicates 
that these powdery mildews may overwinter as mycelium on the leaves, or as successive 
conidial generations. Pannose mycelium has been observed on peach and rose twigs 
during the winter, but one attempt to induce this mycelium to form conidia was unsuccess- 
ful. Some powdery mildews have been observed only in greenhouses. The most acceptable 
manner of overwintering suggested for the powdery mildews of bean and cucurbits is that 
they overwinter in their conidial stages in southern regions and blow north each season. 
This same explanation may apply to red clover mildew in Indiana, but there is circum- 
stantial evidence of overwintering as mycelium and as bud infections. 

Albino Cherry^ a Virus Disease in Southern Oregon. S. M. Zeller, J. A. Milbrath, 
and G. B. Cordy. Albino cherry, apparently a type of buckskin disease, discovered in 
Ashland in 1937, has now spread as far as Gold Hill, Oregon. Affected Bing or Napoleon 
trees are usually killed within 3 or 4 years after first symptoms appear, while Lambert, 
Black Bepublican, and Montmorency varieties react more slowly. Trees whether on Maz- 
zard or Mahaleb roots behave similarly. The disease is more severe under irrigation than 
under dry-land culture. All or any portion of a tree may be affected, with die-back a 
usual symptom of diseased branches. The leaves become a uniform olive brown to golden 
greenish, with margins rolled upward. Leaves about to shed become chlorotic to orange, 
with some pinkish tints, especially in a pinnate pattern along the midrib and lateral veins 
at the base. Late-summer growth of small, green, rosetted leaves is produced from ter- 
minal buds on spurs. This characteristic is general on moderately diseased trees although 
occasionally it is the first symptom observed on otherwise vigorous trees. Fruits remain 
small and green, turning white even in dark red varieties. Symptoms from inoculations 
have not proved satisfactory for study since affected trees die within a year after inocu- 
lation. 





MANORANJAN MITEA 
1895-1942 

B . B . M u N D KU E- 

Manoraiijan Mitra, Assistant Mycologist at the Imperial Agricultural 
Research Institute, New Delhi, since 1921, died on the 10th of July, 1942, at 
his home at Hazaribagh, following diabetic coma. 

Mitra was born at Amritsar on June 19, 1895, third son of a gifted family 
of Bengali Christians, who had settled down in the Punjab. During his 
boyhood he attended the Central Model School at Lahore from which he was 
graduated in 1912. He entered the Punjab University (Government Col- 
lege), Lahore, the same year and received the B.Sc. degree in 1916 and the 
M.Se. degree in 1918, majoring in botany, first class, first on the roll. His 
M.Sc. thesis was on the anatomy and development of some Himalayan spe- 
cies of Adianium and Pteris. 

He served for a time as a lecturer at St. John’s College, Agra, but his 
interests lay, however, in research and in 1919 he came to the Institute as 
a graduate student to get training in mycology under Sir Edwin J. Butler 
F.R.S. who was then the Imperial Mycologist. In 1921 the Associateship 
of this Institute was conferred on Mitra. As a graduate student he worked 
on an Acrothecium Sittadkmg bajra {Pennisetum typhoides), to accommo- 
date which he established the species AcrotJiecium pemiiseti. 

Soon after the completion of his training, Mitra was appointed Assistant 
Mycologist, a post that he held until his death. 

In 1926 he was deputed by the Government of India to survey the crop 
diseases occurring in the Andaman Islands and in 1927 he was granted sab- 
batical leave to proceed to England. He joined the Imperial College of 
Science, London University, where his investigations were mainly on the 
species of Helminthospornim affecting Indian cereals. He was granted the 
diploma of the Imperial College in 1929 and the Ph.D. degree of the London 
University the same year, and that of D. Sc., in 1936. 

Mitra ’s chief interest lay in the diseases of cereals, especially those 
caused by species of Helmmthosporium. The earlier accounts of this genus 
failed to distinguish the Indian species correctly but as a result of Mitra ’s 
investigations, our knowledge of this genus is now on a stable basis. In 
1930 he discovered a bunt of wheat in the plains of India, now known as the 
‘^Earnal Bunt,” and named the fungus Tilletia indica. He has two more 
species to his credit, HelmintJiospormm hicolor and Helminthosporium 
frumentacei and a variety, Helmmthosporium halodes var. tritici. 

Mitra was a man of retiring nature; he felt more at home among his 
fungi and his books than elsewhere. His knowledge of Indian plant dis- 
eases was very profound; and the graduate students of the mycology section 
found in him a scholarly teacher. He w’-as a member of the Linnean Society, 
British Mycological Society, The American Phytopathologieal Society and 
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the Indian Botanical Society. He leaves liis wife and two sons and a large 
circle of friends to mourn liis loss. 

Mycology Section, 

Imperial Agricultural Researcli Institute, 

New Delhi, India 


PUBLICATIONS OF MANORANJAN MITRA 

1. Anatomy and development of some species of Adiantum and Pteris. Proc. VI Indian 

Sci. Cong, Jour. Asiatic Soc. Bengal (n.s.) 25: clxviii. 1919. 

2. Morphology and parasitism of AcrotJiecmm Penniseti n. sp. (a new disease of Pen- 

nisetum typhoideum), Mem. Dep. Agr. India, Bot. Ser. 11: 57-74. 1921. 

3. Helminthosporium spp. on cereals and sugarcane in India. Part I. Diseases of Zea 

Mays and Sorghmn 'vulgare caused by species of Helminthosporium, Mem. Dep. 
Agr. India, Bot. Ser. 11: 219-240. 1923. 

4. Fruit rot disease of cultivated Cueurbitaceae caused by Pythiim aphaniderniatum 

(Eds.) Fitz. Mem. Dep. Agr. India, Bot. Ser. 15: 79-84. 1938 (with L. S. 
Siibramaniam as junior author). 

5. Gall formation on the roots of mustard due to a smut (Urocystis coralloides Eostrup). 

Agr. Jour. India 23: 104-106. 1928. 

6. Some diseases of crops in the Andaman Islands. Agr. Ees. Inst. Piisa, Bull. 195. 

pp. 1-14. 

7. Phytophthora parasitica Dast. causing ^'Dami)ing disease of cotton seedlings 

and ^^fruit rof' of guava in India. Trans. Brit. Mycol, Soc. 14: 249-254. 
1929. 

8. (With K. E. Mahendra as senior author.) On the cultural behaviour of Sphaeropsis 

Malorum. Ann. Bot. 44: 541-555. 1930. 

9. Effect of certain environmental factors on the growth of certain species and strains 

of Helmmthosporhm, Proe. XVII Indian Sci. Cong., Section of Botany, paper 
No. 16. 1930. 

10. Saltation in the genus Helminthosporimn. Proc. XVII Indian Sci. Cong., Section 

of Botany, paper No. 17. 1930. 

11. A comparative study of species and strains of Ilelmintlwspormm on certain Indian 

cultivated crops. Trans, Brit. Mye. Soc. 15: 254-293. 1931. 

12. Saltation in the genus Eehninthosporium, Trans. Brit. Myc. Soc. 16: 115-127. 

1931. 

13. A new bunt on wheat in India. Ann. App. Biol. 18: 178-179. 1931. 

14. A leaf spot disease of wheat caused by Helminthosporium Tritici-repentis Died. 

Indian Jour. Agr. Sci. 4: 692-700. 1934. 

15. Wilt disease of Crotalaria juneea L. (Sann-hemp). Indian Jour. Agr. Sci. 4: 701- 

714. 1934. 

16. (With P. E. Mehta as junior author.) The effect of Hydrogen-ion concentration on 

the growth of Helminthosporium nodulosum B. and C. and H, leucostylum 
Dreehs. Indian J our. Agr. Sci. 4: 914-920. 1934. 

17. (With P. E. Mehta as junior author). Diseases of Bleusine Coracana Gaertn. and 

E. aegyptiaca Desf. caused by species of Helminthosporium, Indian Jour. Agr. 
Sci. 4; 943-975. 1934. 

18. Stinking smut (bunt) of wheat with special reference to Tilletia indica Mitra. 

Indian Jour. Agr. Sci. 5: 1-24. 1935. 

19. (With E. D. Bose as junior author.) Helminthosporium diseases of barley and their 

control. Indian Jour. Agr. Sci. 5: 449-484. 1935. 

20. (With K. F. Kheswalla as junior author). The effect of temperature on the growth 

of Pusarium vasinfectum, Proc. Indian Acad. Sci. 2: 495-499. 1935. 

21. (With M. Taslim as junior author). The control of loose smut (Ustilago Tritici 

(Pers.) Jens.) by the solar energy and sun heater water methods. Agr. Live- 
stock India 6: 43-47. 1935. 

22. A new blight disease of gram in Bihar. Proe. XXII Indian Sci. Cong., Section of 

Agr., Paper No. 81. 

23. (With P. E. Mehta as junior author). Some leaf diseases of Hevea hrasUiensis 

new to India. Indian Jour. Agr, Sci. 8: 185-188. 1938. 

24. Phytopathology "Mycology in 1939. Ann, Eeview Biochem. and Allied E<‘h. India 

11: 93-104,1940. 

25. (With G. Watts Padwick as senior author.) The genus Fusariim IV. Infection 

and cross-infection tests with isolates from cotton (Crossypium sp.), pigeon pea 
(Cajanus Cajan) and Sunn-hemp (Crotalaria juneea). Indian Jour. Agr. Sci. 
10: 707-715, 1940, 


STREAK AND MOSAIC OF CINERARIA^ 

LeoitK. Jones 
(Accepted for publication April 25, 1944) 

INTRODUCTION 

During tlie winter of 1937—38, a disease of cineraria was noted in one 
greenhouse in Spokane, Washington. Necrosis of leaves and stems often 
developed to such an extent that most of the leaves on affected plants died 
progressively up the stem and many plants wilted and died previous to, and 
during, blossoming. The disease was called streak^ and was investigated in 
the Experiment Station greenhouses at Pullman, Washington, and in com- 
mercial greenhouses in various localities in the State to determine its nature 
and the methods of control. A disease of cinerarias with symptoms similar 
to those associated with streak was reported in 1934^ as caused by the spotted 
wilt virus. The present studies included tests 'to determine the possible 
relationships of the 2 diseases. 

In a greenhouse in Walla Walla, Washington, in January, 1938, 2 per 
cent of the cineraria plants were affected with a typical mosaic disease. The 
leaves were mottled with large, raised, dark green areas in the otherwise light 
green tissue and were puckered and malformed, and the plants were some- 
what dwarfed. In the literature one reference to a mosaic disease of cine- 
raria was noted.^ The briefness of this reference makes it impossible to 
determine the exact nature of the mosaic-like trouble or its possible relation- 
ship to the mosaic disease observed in Washington. Lettuce mosaic has been 
transmitted to groundsel {Senecio vulgaris L.).® Groundsel is very closely 
related to cineraria and cinerarias are listed by some taxonomists as a devel- 
opment out of Senecio cruentus D. 0. Other taxonomists prefer to classify 
cinerarias under the binomial, Cineraria cruenta Mass. Since lettuce mosaic 
produces a mild mottle on groundsel, these investigations included tests to 
determine if cineraria mosaic was caused by the lettuce mosaic virus which 
is commonly transmitted in lettuce seed. Further studies were made to 
determine the nature of the cineraria mosaic virus and measures of value in 
reducing losses from this disease. 

SYMPTOMS 

Streak 

In commercial stock, the disease ordinarily does not become destructive 
until the plants approach blossoming, although the ruffling and rugosity of 

1 Published as scientific paper No. 596, College of Agriculture and Agricultural Ex- 
periment Stations, State College of Washington. 

2 Washington Agricultural Experiment Station Annual Reports 49: 61. 1939; 60: 

77. 1940 ; 51: 84. 1941; and 52: 77--78. 1942. 

8 Gardner, M. W., and 0. C. Whipple- Spotted wilt of tomatoes and its transmission 
by thrips. (Abstr.). Phytopath. 24: 1136. 1934. 

4 Dickson, B, T. A mosaic-like disease of Cineraria. Ann. Reiiort Quebec Soc. Prot. 

of Plants 1920 : 46-47. 1920, 

5 Ainsworth, G. C., and L. Ogilvie. Lettuce mosaic. Ann. Appl. Biol. 26: .279-297. 
1939. 
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leaves of younger plants indicate infection (Fig. A). Eiigosity and ciiii- 
ing of leaves of young plants are very evident as tlie first symptoms fol- 
lowing artificial moeulatioii. Keddisli-brown areas in leaf veins (Fig. 2, C), 
petioles, and stalks of middle-aged plants may be observed wdtli strong light 
transmitted through those areas. These areas may enlarge and constrict the 
affected tissues, which leads to necrosis of large triangular areas in the leaves 
(Fig. 3, B), necrosis of entire leaves (Fig. 4), or death of the plant. Wilting, 
rolling, yellowing, and death of leaves (Fig. 4) are commonly noted as the 
affected plants approach blossoming. Under some conditions, numerous, 
small, brown necrotic spots in the leaves are associated with the trouble 


Pig. 1. Cineraria seedlings showing symptoms of streak (A), and streak and mosaic 
(C), compared with healthy seedlings (B). The plants became infected with the viruses 
by seed transmission. 


(Fig. 3, A). The necrosis often develops to such an extent that most of the 
leaves die progressively np the stem and very few leaves are left on the plant 
at blossoming time. Affected plants wilt more easily than healthy plants 
and do not recover from wilting as readily. 


Mosaic 

The disease shows as mottling of the foliage with irregular light and dark 
green areas (Fig. 2, A and B). Crinkling, ruffling and dwarfing of leaves 
(Pig. 2, A), as well as shortening of leaf petioles and dwarfing of plants, are 
symptoms commonly associated with mosaic. Vein-clearing and puckering 
of young leaves following inocnlation by mechanical methods precedes the 
appearance of the typical mottling. 


Streak and Mosaic 

The 2 diseases are often noted in the same plant, and a combination of 


1944] Jones : Streak and Mosaic op Cineraria 943 


symptoms appears (Fig. 1, C). Plants are more severely dwarfed than are 
plants affected with either disease alone. Necrosis often appears in the light 
areas of the mosaic pattern in the middle-aged leaves before yellowing and 
necrosis appear in the older leaves. 



EiO. 2. Leaves of cineraria with mosaic and streak symptoms. A, rulhing, rugosity, 
and mottling on young leaf, and B, mild mottling of older leaf caused by the mosaic 
virus. C, necrosis of leaf vein caused hy the streak virus. 


ECONOMIC IMPORTANCE 

Streak 

In the greenhouse where streak was first noted, 1200 to 1500 cinerarias 
are grown each season. The grower estimated that one-half of his plants in 
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1936, and possibly one-tliird in 1937 and in 1938, were discarded becanse of 
tbe presence of streak. Many diseased cinerarias were exhibited by growers 
in plant clinics held in Seattle, Washington, in 1939, and Spokane, Wash- 
ington, in 1940, at conventions of the Northwest Florists, and the opinion 
was expressed that it was a serious problem that had developed only during 
the preceding few years. 

Observations in greenhouses in Washington from 1938 through 1942 have 
shown that streak was usually present in the cineraria crop with the excep- 
tion of crops produced by a few growers who saved seed from their own 
plant selections (Table 1). Counts were made to determine the prevalence 


Fig. 3. Necrosis of cineraria leaves caused by the streak virus. A, scattered, brown 
necrotic spots and B, large necrotic area following vein necrosis. 


of streak in the stock, but it was not possible to obtain data on the losses 
caused by the disease beyond determining the percentage of plants affected. 
Probably a high percentage of the affected plants was unsalable. The sale 
of affected plants also leads to an unfavorable reaction by the buying public, 
since such plants ordinarily have very poor keeping qualities when trans- 
ferred from the humid greenhouses to the relatively dry atmosphere of 
residences. 

Mosaic 

In a greenhouse in Walla Walla, Washington, in January, 1938, about 
2 per cent of the cineraria plants observed were affected with mosaic. The 
disease is not very prevalent, but is quite generally distributed (Table 1) 
since it was observed in Spokane, Walla Walla, Seattle, and Kent, Washing- 
ton. Severely affected plants may be sufficiently dwarfed to be unsalable 
but, in genera], the disease does not materially affect the salability of plants. 


ETIOLOGY 

The mottling-type of disease appeared very definitely to be a typical 
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mosaic caused by a vims. The streak disease, however, showed symptoms 
that are often associated with disease caused by parasitic organisms. Forty- 
four attempts to isolate an organism from necrotic areas in petioles, stems, 
and leaves of streak-affected plants were made in January and February of 
1938, No fungi appeared on agar plates and bacteria occurred in only 3 
instances. The failure to isolate an organism consistently from diseased 
tissue indicated that a virus was probably responsible for the trouble. 


Pio. 4. Eolling, wilting, and death of cineraria leaves following inoculation with the 
streak virus. 

Inoculations, by mechanical transfer of the virus, were made from dis- 
eased plants to healthy plants to determine if viruses were responsible for 
mosaic and streak. In 3 tests, 40, 50 and 82 per cent of the mosaic inocu- 
lations were successful, with an incubation period of 20 to 24 days. Sixteen, 
50 and 50 per cent of the streak inoculations were successful, with an incu- 
bation period of 14 to 35 days. Since these preliminary tests showed that 
both streak and mosaic were caused by viruses, detailed studies were made 
to determine the characteristics of the viruses. 
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SEED TRANSMISSION 

Some strains of cineraria stock in gTeenhoiises in Spokane, Walla Walla, 
and Seattle in 1938 and 1939 were severely affected witli streak or mosaic, 

TABLE 1. — The prevalejice of strealo and mosaic in cineraria plants in greenhouses 
of Washington 


Green- 

house 

Year 

observed 

Source of 
seeda 

No. 

plants 

Perceiitageb of plants 
with symptoms of 

grown 

Streak 

Mosaic 

1 

1938- 

-1939 

Local 

1000 

50 

0 

1 

i i 

£ £ 

Goniniercxal 

500 

10 

0 

2 

i ( 

i £ 

£ £ 

800 

0 

5 

3 

c ( 

i £ 

Local 

800 

0 

0 

4 

( c 

£ £ 

£ i 

1000 

20 

2 

5 

i i 

£ £ 

£ £ 

1500 

0 

0 

5 

i i 

£ £ 

Commercial 

400 

50 

10 

6 

i 4 

£ i 

£ £ 

900 

1 

0 

7 

i i 

£ £ 

£ £ 

600 

50 

0 

8 

i { 

£ £ 

Local 

1600 

0 

0 

2 

1939- 

-1940 

Commercial 

800 

20 

0 

9 

i t 

£ 

£ £ 

1200 

20 

0 

1 

i ( 

£ £ 

Local 

1000 

40 

0 

10 

t c 

£ £ 

i £ 

1200 

20 

0 ' 

1 

1940- 

-1941 

£ £ 

1200 

25 

0 

1 

1 1 

£ £ 

Select 

500 

0 

0 

10 

i t 

£ £ 

Local 

800 

75 

0 

11 

i i 

£ £ 

Commercial 

300 

50 

0 

12 

i £ 

£ £ 

C £ 

650 

50 

0 

13 

( i 

£ £ 

£ £ 

900 

75 

0 

14 

C ( 

££ 

£ i 

500 

50 

0 

6 

£ £ 

£ £ 

£ £ 

1200 

5 

2 

15 

1941- 

-1942 

Local 

800 

0 

0 

15 

i £ 

£ < 

Commercial 

1000 

40 

0 

16 

£ £ 

££ 

£ £ 

300 

20 

0 

8 

( £ 

£ £ 

Local 

1000 i 

0 

0 

8 1 

t £ 

£i 

Select 

500 

0 

0 

1 

( £ 

££ 

Local 

1200 

10 

0 

1 

C C 

££ 

Select 

600 

0 

0 

5 

i £ 

£ £ 

£ £ 

1500 

0 

0 

10 

£ £ 

£ C 

■ £ £ 

800 

0 

0 

10 

£ £ 

£ i 

Commercial 

500 

15 

1 

9 

£ £ 

£C 

£ £ 

500 

20 

2 

9 

£ £ 

fi 

Select 

600 

0 

0 

17 

( £ 

£C 

Commercial 

950 

75 

0 

18 

1942- 

-1943 

Select 

100 

0 

0 

8 

£ £ 

£ £ 

£ £ 

800 

0 

0 

10 

£ £ 

£ C 

£ £ 

500 

0 

0 

7 

£ £ 

£ C 

£ £ 

500 

48 

0 

17 

i £ 

£( 

£ £ 

600 

65 

0 

17 

£ i 

£( 

Commercial 

400 

68 

0 

1 

{( 

i £ 

Local 

1000 

52 

.0 


a Loeai^ — seed collected by local growers j Oomniercial — seed purcliased from coimner- 
eial seed companies ; Select— seed selected from virus-f ree plants at the State College of 
Washington. 

^Percentages — based on random counts of at least two 100-plant lots in each crop 
observed during the months of January to March. 

wiiile otlier strains in the same greenhouse were free of these diseases. A 
strain of cineraria developed by one grower had considerable streak each 
season, not only on plants grown by the originator, but also on plants grown 
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from the same seed in 2 other gTeeiihouses. Three strains of cineraria grown 
by local growers from seed of their own selection were free of streak in 1938- 
1939, althongh one strain had a low percentage of mosaic. Stock grown in 
a number of greenhouses from seed purchased from various seedsmen (Table 
1) usually had vaiTing percentages of streak, and stock from 5 of 16 com- 
mercial-seed strains had low percentages of mosaic. These observations indi- 
cated that each virus might be transmitted in the seed. Accordingly, several 
samples of seed w’-ere obtained from leading seed companies and local growers 
for virus-transmission tests in the greenhouses at Pullman, Washington 
(Table 2). Seed w^as also collected from mosaic- or streak-affected plants 
and tested to determine if the viruses were carried in the seed (Table 3) . 


TABLE 2,— The transmission of mosaie and stredlc ‘viruses in eommercial seed, 
FidlmaRy Washington. 19$8-194£ 


Lot, year and variety 
of seed tested 

Source of seed 

No. 

plants 

grown 

Percentage of plants with 
symptoms of 

Mosaie 

Streak 

Mosaie 

and 

streak 

1938-1939 






1 Grandiflora Nana 

Seedsman No. 1 

178 

24 

69 

7 

2 Howard & Smith 

a a i i 

44 

70 

0 

0 

3 Prize mixed 

a a a 

129 

5 

20 

2 

4 Prize 

Seedsman No. 2 

130 

9 

32 

5 

5 Siter^s Eainbow 

Seedsman No. 3 

70 

0 

57 

0 

6 Multiflora Nana 

a a ( ( 

270 

0 

26 

0 

7 liyhrida Grandiflora 

Local grower 

53 

0 

47 

0 

1939-1940 






3 Prize mixed 

Seedsman No. 1 

36 

0 

42 

0 

4 Prize 

Seedsman No. 2 

139 

0 

35 

0 

5 Siter’s Eainbow 

Seedsman No. 3 

146 

0 

34 

0 

7 Hybrida Grandiflora 

Local grower 

100 

0 

30 

0 

1941-1943 






8 Improved Prize 

Seedsman No. 2 

234 

0 

10 

0 

9 Prize, reselected 

Seedsman No. 4 

235 

0 

17 

0 

10 Hybrida mixed 

i ( i ( a 

117 

0 

14 

0 

11 Hvbrida Grandiflora ! 

i ( a It 

207 

0 

20 

0 

7 Hvbrida Grandiflora 

Local grower 

234 

0 

20 

0 


Bach lot of seed was planted separately in fiats and handled indepen- 
dently during potting. The hands were washed thoroughly with soap and 
water previous to handling each lot of plants. Where sufficient seed was 
available, a portion was used in 1938 and the remainder in 1939, except that 
the seed in lot 7 from a local grower was used again in 1941-1942 (Table 2) . 

The seed was planted in flats during August each season. The young 
plants were placed in 2|-inch pots in September and repotted to 4-ineh pots 
in December. Plants with definite mottle symptoms of mosaic, or necrosis 
of streak, were discarded from each lot as soon as observed. Aphids were 
controlled as soon as observed by fumigation with nico-fume powxter, but no 
attempt was made to control thrips. Accordingly, the percentages of plants 
listed in Tables 2 and 3 as showing symptoms of mosaic probably give a true 
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indication of the seed transiiiissioii of this virus. The percentages of plants 
with symptoms of streak, however, probably include considerable current 
season infection from a lower percentage of plants originally affected from 
seed transmission of the virus. Euffling and rugosity of the foliage of young 
plants affected with streak indicates the presence of this virus, but this symp- 
tom alone was not considered sufficiently definite to discard plants. The 


TABLE 3 . — The transmissioyi of mosaic and strealc in locally selected seed. Pull- 
man, Washington. 1940-1942 


Plants from wliieh 
seed was selected 
and year tested 

Diseased condition of 
seed plant® 

No. 

plants 

grown 

Percentage of plants 
with symptoms of 

Mosaic 

Streak 

1940-1941 





1 

Streak 

212 

0 

64 

2 

t c 

95 

0 

91 

3 

i t 

37 

0 

92 

4 

a 

34 

0 

94 

5 

i £ 

82 

0 

83 

6 

( £ 

50 

0 

94 

7 


98 

0 

88 

1-7 mixed 

£ £ 

110 

0 

96 

8 

Mosaic and streak 

240 

20 

79 

9-13 mixed 

Virus-free 

49 

0 

0 

17 

Mosaic 

250 

19 

0 

18 

Mosaic and streak i 

83 

35 

27 

19 

(£ £ £ ££ 

50 

24 

10 

20 

££ £ i i£ 

61 

100 

50 

9 

Virus-free 

200 

0 

0 

10 

a £ £ \ 

144 

0 

0 

11 

an ' 

156 

0 


12 

££ £ £ 

120 j 

0 

^ 0 

13 

££ £ £ 

42 

0 

0 

A 14 

££ £ £ 

46 

0 

0 

14-16 mixed 

££ £ £ 

220 

0 

0 

1941-1942 





1 

Virus-free 

180 

0 

0 

2 

££ ££ 

225 

0 

0 

3 

£ £ £ £ 

234 

0 

0 

4 

£ £ £ £ 

234 

0 

0 

5 

Streak (1939) 

234 

0 

20 

6 

(1941) 

234 

0 

2 

7 

££ ££ 

234 

0 

30 

8 

Streak and mosaic (1941) 

210 

23 

11 

9 

Streak (1941) 

117 

0 

12 

10 

Mosaic (1940) 

350 

0 1 

0 

11 

Virus-free 

234 

0 

0 

12 

££ £ £ 

i 

234 

0 . i 

0 


a Seed collected the previous season unless otliei:wise noted. 


plants were kept until definite necrotic symptoms appeared and th(‘re may 
have been some opportunity for spread of the virus. 

All commercial lots of seed tested carried one virus and some lots carried 
both viruses. Often both viruses were carried in individual seeds. Tlie 
streak virus remained active in four-year-old seed, but the mosaic virus was 
inactivated by one year of storage in seed lots 3 and 4 of commercial seed. 
In further tests with seed Collected at Pullman, Washington, from mosaic- 
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affected plants (Table 3, plants 8 and 11 in 1941-1942), the mosaic virus was 
not inactivated in one-year-old seed. 

The tests with locally selected seed showed that virns-free seed could be 
obtained by carefully selecting* symptoinless plants for seed production 
(Tables 1 and 3). In 1942-1943, however, selected seed failed to produce 
healthy plants in greenhouses 7 and 17. "Weeds under the benches in these 
greenhouses appeared to be responsible for the carry-over of the virus from 
one season to the next. Definite symptoms of spotted wilt were observed on 
prickly lettuce {Lactuca scariola) under the benches in greenhouse 7. Symp- 
toms of a possible virus disease on wood sorrel (Oxalis piimila) under 
benches in greenhouses 7 and 17 also indicated that this weed might be 
responsible for the carry-over of the virus which could be transmitted readily 
by thrips to the new crop of cineraria. 

^ mechanical transmission 

Preliminary tests in 1938-1939 showed that both the streak and mosaic 
viruses could be successfully transmitted by mechanical inoculation methods. 


TABLE 4 . — The effect of extraction of plant juice upon the activity of the streaJc 
and mosaic viruses 


Yirus used 

Method of 
inoculation 

Results obtained in different 
series of inoculationsa 

Period of 
incubation 

Streak 

Rubbed leaf tissue 

7/20, 8/10, 12/20, 8/10, 3/5 

Days 

14-35 

Streak 

Juice extract 

0/40, 0/20, 0/20b 

6/10, 14/20 


Mosaic 

Rubbed leaf tissue 

'25-42 

Mosaic 

Juice extract 

13/20 

35-42 

Controls 

No treatment 

0/40, 0/10, 0/40, 0/40 



a Each fraction represents a series of inoculations, the numerator shows the number 
of plants infected and the denominator the number of plants inoculated. 

b Ten cc. of one-half per cent sodium sulphite was added to 100 grams of frozen leaf 
tissue previous to extraction of juice in press. 

Forty to 82 per cent of the mosaic inoculations and 16 to 50 per cent of the 
streak inoculations were successful. In these tests portions of the diseased 
leaf were wrp-pped around a cotton swab and slightly macerated on a pot 
label before being rubbed over the foliage of the plants to be inoculated. 
Carborundum dust was sprinkled over the leaves to be inoculated previous 
to rubbing the diseased tissue upon them. 

In later inoculation tests, with 2 other methods of inoculation based on 
the extraction of the plant juice from the leaves before rubbing onto healthy 
foliage, the streak virus was not transmitted (Table 4). These methods 
included macerating the affected leaves in a mortar, filtering through cheese- 
cloth or freezing the affected leaves for 12 hours before extracting the juice 
in a hydraulic press. In each case the juice was diluted one to 10 with 
distilled water before being rubbed onto leaves dusted with carborundum. 
The mosaic virus was transmitted equally well by all of the inoculation 
methods used (Table 4). The streak virus was inactivated very quickly in 
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extracted plant jniee, and accordingly, tlie liandling of plants in ordinary 
cultnral practices probably would not account for nuicli transmission of tlie 
disease* Tbe relative ease of transmitting the mosaic virus in extracted 
juice indicated that the liandling of plants in routine cultural practices 
might account for considerable transmission of the disease. 


INSECT TRANSMISSION 

Two insects, Aphis marutae Pestlund^’ and Thrips i abaci Lindeman, -were 
commonly observed on cineraria plants. These insects -were transferred to 
healthy plants under controlled conditions to determine if they would trans- 
mit the viruses (Table 5). The mosaic virus was transmitted by Aphis 
marutae and the streak virus was transmitted by Thrips tabaci, 

TABLE 5."^Insect tnmsmission of the mosaic and strealu viruses 


Source of vinis 

Insect tested 

Besiilts obtained in 
different tests^ 

Cineraria streak 

Aphis marutae 

0/6, 0/27, 0/10 

Cineraria streak 

Thrips tahacl 

5/5, 12/15 

Control 

No treatment 

0/6, 0/30, 0/10, 0/5, 0/15 

Cineraria mosaic 

Aphis marutae 

1 3/5, 3/5, 6/10, 3/10, 19/37 

Cineraria mosaic 

Thrips tahaci 

' 0/20, 0/5 

Controls 

No treatment 

0/9, 0/5, 0/4, 0/10, 0/25 


a Eacli fraction represents a series of inoculations, tlie numerator shows the number 
of plants infected, the denominator shows the number of plants inoculated. 

THERMAL INACTIVATION AND LONGEVITY 

The streak virus wms inactivated by extraction from plant tissue in a 
number of inoculation tests. The thermal inactivation point of the virus 
could not be determined. It has been reported that the use of sodium 
sulphite in preparing an extract of chrysanthemum facilitated the detection 
of the spotted wilt virus in that host.'^ The use of 0.5 per cent solution of 
anhydrous sodium sulphite in preparing extract of cineraria leaves failed to 
increase the longevity of the streak virus. 

The mosaic virus (Table 6) Avas inactivated by 10-minute exposure at a 
point near 70 degrees C., and it remained active in extracted juice for 14 
days but not for 100 days. 

HOST RANGE 

A number of different crops were inoculated to determine the possible 
relationship of the cineraria viruses to other known viruses (Table 7). The 
streak virus proved to have many characters associated with the spotted wilt 
virus, and tomato and pea were inoculated to ascertain if these two virus(‘s 
Avere the same. The mosaic virus was eomiiartxl with pea mosaic as well as 
being tested on tobacco, tomato, cucumber, and pea. Tbe rc‘sults of <n‘oss 

« Determination kindly made by Doctor George E. Knowltoii, Utab State Agricultural 
College, Logan, Utah. 

7 Ainsworth, G. Detection of spotted wilt virus in chrysanthemum. Nature, 137: 
868. 1936. 
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TABLE 6. — The thermal inactivation point and longevity in vitro of the cineraria 

mosaic mrus 


Treatment of inoculuma 

Eesnlts of inoculations^ 

Leaf tissue ; 

7/10, 6/10, 12/18 

Fresh extract 

10/20, 6/20, 12/18 

Extract — 50= C 

3/20, 5/20, 11/18 

i i — 60° C 

6/20, 0/20, 8/18 

_70o c. 

5/20, 0/20, 0/18 

^ < __80° 0 

0/20 

Extract after inoculation 

9/20, 5/20 

^^24 hours 

13/18 

5 days 

9/20 

^^10 days 

2/20 

“ 14 days 

8/20 

100 days 

0/20 

Control 1... ; 

0/20, 0/20, 0/36 


Extracted juice was exposed to tein|)eratures for 10 minutes. 

Each fraction represents a series of inoculations, tlie numerator shows the number 
of iJlants infected, the denominator shows the number of plants inoculated. 


inoctilations indicate that the mosaic virus is specific to cineraria, because 
it did not infect any of the other hosts tested. Comparison of the cineraria 
mosaic virus and the lettuce mosaic virus failed to show any relationship 
between these two viruses. The streak virus was successfully transmitted 
to tomato and pea, and the symptoms produced on these hosts further indi- 
cated a very close relationship of this virus to the tomato spotted-wilt virus. 
Tomato plants with symptoms commonly associated with infection by the 
spotted- wilt virus were used to inoculate cineraria. The symptoms produced 
on cineraria were similar to those associated with infection by the streak 
virus. These cross-inoculation tests and other characters, such as rapid 


TABLE 7. — The host range of the cineraria mosaic and streah viruses 


Source of virus and host inoculated 

Results obtained in different series 
of inoculations^ 

Mosaic virus from cineraria : 


Cineraria 

33/40^ 6/8 

Tobacco 

0/25 

Tomato 

0/34, 0/29, 0/10, 0/30 

Cucumber 

0/10 

Lettuce 

0/20 

Pea 

0/12 

Streak virus from cineraria : 


Cineraria 

1/6, 5/10, 20/40 

Tomato 

3/30, 4/25 

Pea 

3/20 

Spotted wilt virus from tomato : 


Cineraria 

6/20, 6/24 

Lettuce mosaic virus from lettuce : 

Cineraria 

0/8, 0/14 

Lettuce 

11/20 


a All inoeulatious made by rubbing macerated leaf tissue on plants previously dusted 
with carborundum. The numerator denotes the number of plants infected and the denomi- 
nator the number of plants inoculated. In each series a like number of x>lants were left 
untreated as controls. No disease was noted in the control plants. 
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inactivation m vUro and transmission by Thrips iahaci, show that the two 
viruses are the same or that the streak virus is a variant of the spotted-wilt 
virus. The host range of the tomato spotted-wilt virus is very large, the 
disease having been reported on 84 species in 19 families of the plant king- 
dom.^ Since the cineraria streak virus and the tomato spotted- wilt virus 
are similar in nature, it may be assumed that the former has a liOvSt range 
quite similar to the latter. 

CONTROL 

Streak and mosaic can be controlled by carefully selecting disease-free 
plants for seed production. Selected seed was furnished to 3 growlers in 
1940-1941, 5 growers in 1941-1942, and 6 growers in 1942-1943. In each 
ease in the first 2 years of tests the selected seed produced mosaic- and streak- 
free stock. In 1942-1943, however, streak developed in two of the green- 
houses on plants produced from selected seed. These results indicated the 
impoi’tance of weeds in the carry-over of the virus from one cineraria crop 
to another and accordingly the destruction of weeds in the greenhouse may 
be an important control measure. In 1941-1942, tw^o of the growers pro- 
duced plants from both selected and non-selected seed. In each case streak 
was evident in the plants from the non-selected seed and was absent in plants 
from the selected seed. Observations indicate that thrips spread the streak 
virus very rapidly from plant to plant, so that an excess of seed plants should 
be selected when the plants are about half growm and further selection from 
this group should be made as the plants mature. The control of thrips on 
cinerarias should be of value in reducing the spread of streak. Selected 
plants should be moved as far as possible from other cinerarias. 

In two greenhouses there has been severe spotted- wilt disease on tomato. 
This could be traced to streak-afiected cinerarias in the vicinity of the 
tomatoes, hence it is not advisable to grow streak-affected cinerarias near 
tomatoes. 

Measures of value in controlling mosaic, beyond the use of disease-free 
seed, include aphid control and the destruction of affected plants whenever 
noted. Since the mosaic virus is readily transmitted in plant juice and by 
mechanical injury of plants, care should be used not to handle mosaic- 
affected plants in routine cultural practices. 

SUMMARY 

Two virus diseases, streak and mosaic, have been destructive on cineraria 
in greenhouses of Washington. 

Necrosis of leaves and stems and wilting of plants near blossoming time 
caused by the streak virus often resulted in a loss of 20 to 50 per cent of the 
plants. 

Mottling of the leaves with light and dark green ai^eas, puckcn-irig and 
malformation of the leaves, and dwarfing of plants caused by the mosaic 
virus in a few cases resulted in the loss of a low percentage of the plants. 

Holmes, Francis O. Handbook of pliytopatbogenic viruses. 231 Burgess 
Publishing Company. Minneapolis, Minnesota. 1939 . 
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The streak virus is transmitted in seed, by mechanical rubbing of dis- 
eased tissue on healthy tissue, and by Thrips t abaci, but is inactivated very 
quickly in extracted plant juice. The streak virus was transmitted to tomato 
and pea and the symptoms produced on these suscepts as well as the other 
characters of the virus show that it is a strain of the tomato spotted-wilt 
virus. ■ 

The mosaic virus is transmitted in seed, by mechanical inoculation 
methods, and by Aphis marutae. This virus is inactivated near 70 degrees 
0. and remains active in extracted plant juice for 14 days. The mosaic virus 
was not transmitted to tobacco, tomato, cucumber, lettuce, and pea; and 
accordingly, it appears to be specific to cineraria. 

Streak and mosaic can be controlled by carefully selecting disease-free 
plants for seed production. The control of aphids and thrips on cineraria 
plants would aid in reducing spread of the mosaic and streak viruses. The 
destruction of weeds, that may be hosts of the streak virus, in the vicinity 
of cineraria plants and care in not handling mosaic plants previous to 
handling healthy plants are cultural practices of value in reducing losses. 

Division op Plant Pathology, 

College op Agriculture and Experiment Stations, 

Pullman, Washington. 


COMPARISON OP SOIL FUMIGANTS FOR THE CONTROL OP 
THE ROOT-KNOT NEMATODE 


Frank L . Stark, Jr., Bert Lear, and A . G . New h all 
(A ccepted for imblication May 30, 1944) 

During tlie past five years cliloropicriii lias been the outstanding soil 
fumigant for rootdmot-nematode control However, because it is disagree- 
able to work with and relatively high priced, there is need for a chemical 
which does not possess these disadvantages. With this in mind a number of 
chemicals which showed promise on the basis of small-scale greenhouse tests 
were compared with chloropicrin for the control of nematodes on tomatoes 
grown in two commercial greenhouses, one growing a spring crop and the 
other a fall crop. 

LITERATURE REVIEW 

The literature on the effectiveness of chloropicrin for nematode control 
w^as recently reviewed by Taylor (8), who reported excellent results with it 
at 200 pounds per acre. Several workers have obtained satisfactory nema- 
tode control with ethylene dichloride, both alone and when mixed with 
chloropicrin (2, 4, 6). Methyl bromide, an industrial fumigant, has been 
used as a soil fumigant against insect pests, and in 1940 Taylor and McBeth 
(9) reported good nematode control with it, using 80 ec. of the chemical per 
cubic meter of soil. Good results have since been reported by Taylor and 
McBeth (10), Gingrich and Haenseler (3), and Godfrey and Young (4). 
These workers all attempted to use undiluted methyl bromide, which neces- 
sitates either keeping the chemical below its boiling temperature of 40° P. 
or using special apparatus for measuring and dispensing it. The use of 
D-D mixture,^ a crude by-product from the manufacture of allyl alcohol, 
containing approximately equal parts of 1,2-diehloropropane and 1,3-di- 
chloropropylene, was first reported by Carter (1), who used it successfully 
against Heferadera marioni in Hawaii. Pinckard (7) also endorsed D-D 
mixture as a nemaeide. 

TREATMENTS FOR SPRING TOMATO CROP 

The first experiments were in a commercial greenhouse of 10,000 square 
feet on sandy loam heavily infested with root-knot nematode in Auburn, 
N, Y.^ One section of 2,000 square feet of ground bed was divided into 20 
plots. The soil wus thorouglily prepared with a power-driven rotary tiller. 
The liquid fiimigants WTire applied with hand-operated injectors, 4 to 5 
inches deep, at 10-inch intervals, in rows 10 inches apart. Pour replicate 
randomized plots w^re treated with each of the foliowring four eliemieals and 
four were left untreated. Chloropicrin,^ at 2 cc. per injection, wus applied 

^ Supplied by the Shell Development Co., Emeryville, California.. 

2 Acknowledgment is made to Dickman Brothers for their wholehearted cooperation. 

a The chloropicrin was supplied by Innis, Speiden and Co., 117 Liberty Street, New 
York, as ‘hjarvacide.’’ 

■ ■'■ 954 ' ' 
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August 26, at wMcli time many root galls from the previous tomato crop had 
not yet thoroughly rotted. One week later ethylene dichloride was applied 
at 15 ec. per injection, and a 10 per cent methyl bromide mixture/ at 5 ce. 
per injection. This methyl bromide mixture containing 67 per cent ethylene 
dichloride and 23 per cent carbon tetrachloride, Avhich diluents help to keep 
the methyl bromide in solution, can be used in ordinary applicators. The 
furyl-nitro-ethylene dust"’ was broadcast at 2 pounds per 100 square feet 
and wns then promptly forked under. After all treatments the soil was 
leveled by raking and was watered lightly. 

After treatment in the fall of 1942 a succession of two or three crops of 
beet greens was grown. Examination of the roots of the first beet crop 
grown while the soil temperature was still fairly high gave some indication 
of the degree of nematode control. Plants from all plots showed some nema- 
tode injury. The methyl bromide mixture gave the best control, the chloro- 
picrin and ethylene dichloride being almost as effective. Control in the 
dust-treated plots was little better than in the untreated ones in which nema- 
tode damage was severe. Subsequent beet crops were grown at such low 
temperatures that no injury occurred. 

In March, 1943, another section of 2,000 square feet was divided into 20 
plots and treated with the fumigants listed in table 2 : namely, chloropicrin, 
ehloropicrin ethylene dichloride (1-9) mixture, chloropicrin methyl bromide 
(3-1) mixture, and the 10 per cent methyl bromide mixture. This section 
of the greenhouse had been treated the previous fall with chloropicrin but, 
since the beet crop indicated that complete nematode control was not ob- 
tained, it was decided to re-treat before the spring tomato crop was planted. 
The soil was mechanically tilled before and was watered immediately after 
the treatments were made. In order to establish the optimum dosage of the 
10 per cent methyl bromide mixture, treatments of 3, 5, and 7 ec. per in- 
jection were compared in a third 2,000-square-foot section of the house. 
Each treatment was replicated four times. Also, in a fourth section, dosage 
rates of 4, 5, 6, and 7 ce. per injection were employed, each treatment being 
replicated three times. These two sections had been treated in the fall of 
1942, one-half of each with chloropicrin and one-half with furyl-nitro- 
ethylene dust, with apparently unsatisfactory results. In April the entire 
greenhouse was planted with tomatoes, variety Break 0 ’Day. Records were 
kept on the weight and number of ripe fruits obtained from each. 

At the end of the growing season the plants were all pulled and their 
roots examined and scored to indicate the degree of nematode injury. The 
method of scoring, previously described (6), was to select as standards five 
individual plants showing various degrees of nematode injury (Pig. 1, A), 
ranging from no infection, designated zero, to very severe infection, as- 

4 The ethylene dichloride and the 10 per cent methyl bromide mixture (Dowfume Br. » 
10) were supplied by Bow Chemical Co., Midland, Michigan. 

5 The furyl-nitro -ethylene dust, supplied by Grasselli Chemicals Bivision of Bu 
Pout, Wilmington, Bel., as compound No. IN2391A2, contained 50 per cent of the active 
ingredient. 
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Fia. 1. A. Boots selected from spring crop as standards by winch to score those 
from the experimental plots. They represent (left to right) classes 0, 1, 2, 3, and 4. 
B. Bepresentative roots from plots receiving (left to right) 10 per cent methyl bromide 
mixture, 5 cc.; ethylene diehloride, 15 ec.j chloropicrin, 2 cc. ; furyl-nitro-ethylene dust 
(2 lb. per 100 sq. ft.) ; and no treatment. 0. Boots from plots receiving (left to right) 
.chloropicrin-methyl bromide (B~l) mixture, 2 cc.; chloropicrin, 2 cc.; 10 per cent methyl 
bromide mixture, 5 cc.; ehloropierin--ethylene diehloride (1-9) mixture, 10 cc.; and no 
treOi^tment. I). Boots from plots receiving 10 per cent methyl bromide treatment at (left 
to right) 7 cc., 5 ee., 3 cc., and no treatment. 
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signed a value of 4. The roots from each plot were then scored by com- 
paring them individually with these standards. The scores for each plot 
were then totaled and divided by the number of roots on that plot. This 
average value was considered an estimate of the extent of nematode damage. 
Higher scores indicate greater injury. The plot scores and the yields from 
each treatment are summarized in tables 1, 2, 3, and 4. 

All Fall treatments except the furyl-nitro-ethylene dust gave significant 
reductions in nematode injury on the spring tomato crop (Table 1 and Fig. 
1, B). These reductions were reflected in significantly greater yields. A 
coefficient of correlation of -0.78 was found between yield and degree of 


TABLE 1. — JEffect of treating heavily inf ested soil with various fumigants on the 
incidence of root-hnot nematode, and the yield and value of a spring tomato crop 


Treatment 

Dosagea 

Ave. 

root 

scores 

Ave. 

yield 

per 

plant 

Ave. 

weight 

per 

fruit 

Ave. 

fruits 

per 

plant 

Ave. 

cash 

income 

per 

plant 

! 



Lh. \ 

Lh, 

No, 


Check i 

0 

2.75 

4.92 i 

0.35 

14.1 

$1.15 

Euryl-iiitro -ethylene dust 

2 lb. 

2.61 

5.03 

0.33 

15.2 

$1.16 

ehloropicrin 

2 ec. 

1.70 

6.00 

0.36 

16.6 

$1.36 

Ethylene dichloride 

15 cc. 

1.11 

6.23 

0.36 

17.3 

$1.44 

Methyl bromide mixture 







(10%) 

5 ec. 

0.60 1 

6.00 

0.35 i 

17.0 

$1.35 

Least diff. req. for odds 

19: 1 

0.50 

0.64 

0.04 

1.4 

0.21 


99:1 

0.70 

0.90 

0.05 

2.0 

1 0.29 


a With the dust treatment 2 lb. dosage represents amount used per 100 square feet. 
With the liquids, figures give amount used per injection. Injections 10 inches apart. 


nematode injury. Failure of the dust treatment was disappointing, be- 
cause this material had appeared very effective in small-scale preliminary 
trials. Possibly, inability to obtain a satisfactory mixing of the dust with 
the soil was the main cause of its failure under commercial conditions. Use 
of a mechanical rotary tiller to incorporate it with the soil, however, gave no 
better results. Better nematode control was obtained with the methyl 
bromide mixture than with either ehloropicrin or ethylene dichloride, but 
all three produced about the same yields. The relatively ineffective con- 
trol with ehloropicrin may have been due to the fact that treatment was 
made before nematode galls from the previous crop had thoroughly rotted. 

The average cash income per plant was computed by multiplying the 
yield for each day by the price obtained on that day. Since the nematodes 
had more effect on the plants in the untreated plots as the season progressed, 
the greater part of the increase in yield on the treated plots over the cheek 
plots occurred near the end of the season, at which time prices were low 
(Fig. 2). It is obvious, therefore, that multiplying the total yield from 
each treatment by an average price for the season, as is often done, would 
have given too high a value to the increased income due to treatment. For 
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example^ if it were assumed that a treated and an iiiitreated plot yielded 
the same until the last two pickings, at which time the treated plot yielded 
5 pounds more than the cheek, the apparent increase in income would have 
been $1.25 if the yields for the season were multiplied by the average sea- 
sonal price 25^ a pound). However, the actual increase in income, 

obtained by multiplying bj^ the value of the tomatoes when picked (i.c., 5^* 
a pound), would have been only 25 f.. 

When the price is constant throughout the picking season, as is fre- 
quently the case with the fall crop, the use of an average price may be justi- 
fiable in computing increased income due to treatnients. This was the case 
in the fall experiment recorded in table 8. 



48 ^ 
40 I 


32 


03 


24 


16 


(T 

bJ 

CL 

UJ 

O 

cr 

CL 


DATE HARVESTED 

Pig. 2. Cumulative increase in tomato yields (A) (on a per plant basis) of cliloro- 
picrin- treated plots over the untreated plots, and price of tomatoes (B) tliroughout the 
season. Note that yield (A) is expressed as cumulative or total increase and that greatest 
increase came at the end of the season when prices were lowest. Ethylene dichloride and 
the methyl bromide mixture each gave similar curves. 


All treatments listed in table 2 significantly reduced nematode injury. 
However, the nematode damage to the cheeks was not sufficient to reduce 
yields to the pioint where differences could be demonstrated statistically. 
When one realizes that the yield of the plants in the untreated plots was 
not markedly reduced, even when the roots were injured to the extent shown 
in figure 1, 0, it is easy to understand why differences in yield between 
treatments are difficult to demonstrate. 

The data in tables 3 and 4 indicate that 3- to 4-ce, injections of the 10 
per cent methyl bx*omide mixture gave sufficient nematode control to permit 
normal yields of tomatoes. Increasing the dosage to 7 cc. resulted in better 
nematode control (Fig. 1, D), but yields were not improved. It appears 
that a low dosage that will reduce the nematode population sufficiently to 
permit young plants to get a good start will result in satisfactory yields 
by the current crop. However, if a second high-temperature crop suscep- 
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TABLE 2. — Effect of treating lightly infested soil with mrious fumigants on the 
incidence of root-lcnot nematode and the yield and value of a spring tomato crop 


Treatment 

Dosage 

per 

injection 

Ave. 

root 

scores 

1 

Ave. 

yield 

per 

plant 

Ave. 

weight 

per 

fruit 

Ave. 

fruits 

per 

plant 

Ave. 

cash 

income 

per 

plant 


j Cc. 


Lh. 

Lh. 

No. 


Check 

\ 0 

2.04 

6.87 

0,37 

18.7 

$1.80 

Cliloropicrin-ethylene di- 







chloride mixture (1-9) .. 

10 

0.67 

7.23 

0.35 

20.6 

$1.82 

Methyl bromide mixture 







(10%) 

5 

0.51 

7.10 

0.36 

19.6 

$1.79 

Chloropicrin 

r ^ ' 

0.40 

7.38 

0.36 

20.7 

$1.89 

Chloropicrin-methyl bro- 







mide mixture (3-1) ......... 

2 

0.14 

7,47 

0.37 

20.1 

$1.88 

Least diff. req. for odds 

19: 1 

0.46 

0.90 


2.05 

0.18 


99: 1 

0.64 

1.26 


2.87 

0.25 


tible to nematodes is to follow the first, then a more effective dosage might 
be desirable. The value of a low-dosage treatment before each crop as com- 
pared with a heavy treatment for two crops remains to be established. The 
optimnm dosage may well depend on the crops grovm, as well as amount of ' 
inoculum in the soil, soil conditions, etc. 

When treatments resulted in an increase in yield this increase was due 
to the production of more fruits per plant rather than to an increase in the 
size of the individual fruits (Tables 1, 2, and 3). The production of fewer 
fruits per plant on the untreated plots was not due to early death of plants, 
as these were still green at the close of the picking season. 

TREATMENTS FOR FALL TOMATO CROP 

Another series of soil treatments for the control of the root-knot nema- 
tode was made in a large commercial greenhouse at Schenectady, N. Y.® 
Treatments were made on June 25 in raised beds from which tomato plants, 


TABLE 3. — Effect of dosage of the 10 per cent methyl hromide mixture on the 
incidence of root-hnot nematode, and the yield and value of a spring tomato crop 


Dosage per 
injection 

1 

1 Ave. root 
scores 

Ave. yield 
per plant 

Ave. weight 
per fruit 

Ave. fruits 
per plant 

Ave. cash 
income 
per plant 

Cc. 


LI. 

Lh. 

No. 


0 

2.87 

5.02 

0.37 

13.5 

$1.18 

■ ■ 3 

1.80 

5.66 

0.37 

15.6 

$1.37 

5 

0.86 

5.69 

0.39 

14.4 

$1.38 

7 , 

0.51 

5.91 

0.39 

15,3 

$1.37 

Least diff. req. 

. 1 





for odds 






19:1 

1.40 

0.90 


2.2 

0.19 

99: 1 

1.71 

1.10 


3.3 

0.28 ^ 


6 Acknowledgment is made to the Brownsey and Marks Greenhouse Company for their 
cooperation. 
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TABLE 4:.— B feet of dosage of the 10 per cent methyl 'bromide mixture on the 
incidence of root-hnot nematodej yield, and 'value of a spring tomato crop 


Dosage 

Ave. root score 

Ave. yield 
per plant 

Ave. income 
per plant 

Cc. 


Lb, 


0 

3.65 

3.64 

$1.00 

4 

1.69 

5.21 

$1.21 

S i 

1.75 

4.64 

$1.34 

6 

1.31 

5.69 

$1.22 

7 

1.48 

4.18 

$1.43 

Least diff. req. for odds 




19: 1 

0.60 

1.09 

0.30 

99; 1 ! 

0.87 

1.59 

0.44 


laeavily infested with nematodes, had been removed about June 1. The soil 
was loosened by forking just before treatment. Each of the treatments 
listed in table 5 was replicated five times in randomized plots. The dosage 
applied per injection was computed by dividing the total amount of fumi- 
gant used on the 5 replicates by the total number of injections made. About 
the first of August, 14 tomato plants of the variety Vetomold were set in 
each plot. Records were kept by the grower of the yields from each plot 
at each picking. At the end of the growing season the authors examined 
and scored the roots of each plant. The 6 standard roots used for scoring 
in this experiment are illustrated in figure 3. The results are in table 5. 

All treatments gave very satisfactory nematode control. No significant 
differences in control were obtained between any of them, although the 10 
per cent methyl bromide mixture appeared most effective, at the three rates 
employed, the ehloropicrin alone and chloropicrin mixtures came next, and 
the D-D mixture was the poorest. All treated plots produced more fruit 
than the untreated, but none of the differences in yield between the treated 
plots was significant. The low dosage rates of the 10 per cent methyl 


TABLE 5. — Effect of treating nematode-infested soil with various fumigants on the 
incidence of root-hnot nematode and the yield of a fall tomato crop 


Enmigant 

Dosage 

per 

injection 

Ave. 

root 

score 

Ave. 

yield per 
plant 


Cc, 


Lb. 

Check 

0.0 

2.81 

4.54 

Methyl bromide mixture (10%) 

4.19 

0.70 

5.65 


6.16 

0.67 1 

5.38 

a (( ii it 

8.64 

0.76 

5.47 

Chloropicrin 

1.61 

0.95 i 

5.50 


2.58 

0.98 

5.67 

Chloropicrin-ethylene dichloride mixture (1-9) 

7.35 

0.99 

5.35 

Chloropicriii-methyl bromide mixture (3— i) 

1.80 

0.96 

5.80 

D-D mixture i 

4.18 

1.25,'' 

5.45 

Least diff. req. for odds 19:1 1 


0.72 

0.66 

99: 1 


0.97 

0.89 
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Fig. 3. Boots selected from fall crop as standards by which to score those from the 
experimental plots. They represent (left to right) classes 5, 4^ 3, 2, 1, and 0. 

bromide mixture (4.19 ec.) and of the straight chloropierin (1.61 cc.) 
resulted in as good yields as treatments at the higher rates of 8.64 and 2.58 
ee., respectively. The addition of methyl bromide to chloropierin ap- 
peared more effective than either chloropierin alone or the chloropicriii- 
ethylene dichloride mixture. The lower effectiveness of D-D mixture at 
the 4-ec. rate (6 ce. per square foot) employed was not anticipated in view 
of results obtained elsewhere with much lower dosages. Possibly this can 
be attributed to differences in soil type or organic content. 

The cost per 1,000 square feet of the various chemicals and mixtures used 
in these experiments is in table 6. The cost of application is excluded, 
since this is approximately the same for all of these materials. Differences 
in total costs of treatments are chiefly due to the prices and quantities of 
the chemicals used. Application costs may vary from to 75^ per 1,000 
square feet, depending on the labor costs, size of area treated, equipment 


TABLE 6 . — Cost of the chemicals tised for soil fumigation 


Fumigant 

Cost 

per 

pound 

Approx. 
No. of 
ce. per 
pound 

1 

Amount per 
injection < 
on 10-in. 
centers 

Pounds 
required 
to treat 
1000 sq. ft. 

Approx, cost 
of chemicals 
to treat 

1000 sq. ft. 



Min. 

Max. 

Min. 

Max. 

Min.b 

1 Max.c 

D-D mixture 

Cents 

ll-15a 

384 

Cc. 

1.0 

. o 

3.8 

! 

15.0 

$0.42 

$2.25 

Methyl bromide mix- 
ture (10%) 

16-20 

329 

3.0 

! 9.0 

13.2 

39.5 

$2.10 

$7.90 

Ethylene dichloride... 

8-10 

361 

10.0 

15.0 

39.9 

•59.9 

$3.20 

$6.00 

Chloropierin— 

ethylene dichloride 
mixture (1-9) 

16-18 

350 

7.5 

10,0 

30.9 

41.2 

$4.95 

$7.40 

Chloropicrin-methyl 
bromide mixture 
(3~1) 

: 78-83 

271 

1.5 

2.0 

8.0 

10.6 

i 

$6.25 

i 

$8.80 

Chloropierin 

i 80-85 

■ 274 

1.5 

2.5 

7.9 i 

13.1 

$6,30 ! 

$11.15 

Methyl bromide ............ 

70-75 

: 262 






Limited availability. Market price not yet fixed, 
b Calculated from figures for lowest cost and minimum dosage, 
c Calculated from figures for highest cost and maximum dosage. 
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available, etc. Tims, total cost of treatment ranges from about $2.50 to 
almost $10.00 per 1,000 square feet, whieli in general is well below the range 
recorded by Newhall (5) for steaming in commercial greenhouses ($6.50 
to $20.00 per 1,000 square feet). 

The data in table 7, shomng economic value of treatments for green- 
house tomatoes on an individual plant basis, computed from results on the 
spring crop, and in table 8, computed from the fall experiment, indicate the 
relatively low cost of treatment in relation to the income from the crop. 


TABLE 7 . — 'Economic mine of soil treatment s in a tomato greerOioiise on a 
per plant basis. Spring of 1943 


Fumigant 

Cash 

ineomea 

Cost to 
treat 

Increased 

income 

Check 

1 

$1.14 

Cents 

Cents 

Methyl bromide mixture (10%) 

$1.35 

1.8 

18.2 

Chloropicrin 

$1.36 

3.7 

17.6 

Ethylene diehloride 

$1.44 

2.5 

26.8 


» Values taken f rom table 1. 


TABLE 8 . — Economic value of soil treatmeiits in a tomato greenhouse on a 
per plant basis. Fall of 1943 


Fumigant 

Dosage 

Cash 

incoinea 

Cost to 
treat 

Increased 

income 

Check 

Cc. 

$1.13 

Cents 

Cents 

Methyl bromide mixture (10%) ......... 

4.2 

$1.41 

1.0 

26.8 

t i ' It it it 

6.2 

$1.34 

1.5 

19.5 

it it if it 

8.6 

$1.37 

2.1 

21.2 

Chloropicrin 

1.6 

$1.37 

2.3 

21.7 

it 

2.6 

$1.42 

3.8 

24.5 

Chloropicrin-ethylene dichloride 





mixture (1-9) 

7.4 

$1.34 

1.6 

18.7 

Chloropierin-methyl bromide 





mixture (3-1) 

1.8 

$1.45 

2.6 

28.9 

D-D mixture 

4.2 

$1.36 

0.7 

22.1 


a Since the price did not vary materially throughout the picking season on this crop 
tlie income was computed by multiplying the yield (Table 5) by the average price for the 
season (25 cents a pound). 


Effectiveness of treatment should be the primary consideration with high 
value crops, particularly in periods of high prices. While it is realized 
that these income figures may be somewhat high, nevertheless, even in nor- 
mal times, the value of most greenhouse crops is sufficiently high to require 
only slight increase in yield to pay for the cost of treatment. For low 
value, or outdoor crops, the cost of treatment may become the detemiiniug 
factor in selecting a treatment. 

DISCUSSION 

The ideal soil fumigant for treatment of greenhouse soils should possess 
certain charaeteristics. It should be effective against all types of soil-borne 
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patliogens and weed seeds. Tlie fumes sliould not be toxic, irritating or 
uncomfortable to work in. The vapor escaping from the soil should not 
be so phjdocidal as to prohibit treating areas adjacent to growing plants. 
The fumigant should be able to successfully penetrate heavy soils and un- 
rotted roots therein. The vapor should escape rapidty enough from the 
soil or be sufficiently nontoxie to growing plants to permit planting a few 
days after treatment. Materials should be readily available, low-priced, 
and noncorrosive to metals. 

No one fumigant can be said to be the best in all instances, because the 
relative importance of the characteristics just enumerated varies under 
different circumstances. Ohloropicrin appears more effective against a 
wider range of soil pests and weed seeds than any of the fumigants tested. 
Methyl bromide has some fungicidal and herbicidal value, though prob- 
ably less than chloropierin at the concentrations recommended for nema- 
tode control. Ethylene dichloride appears to have relatively little value 
as a fungicide or herbicide. The merits of D-D mixture in these respects 
remain to be established. It appears, therefore, that if the control of certain 
fungi or weeds is important, chloropierin treatment would probably be the 
most satisfactory. 

If nematode control is the primary purpose of soil fumigation, other 
fumigants have certain advantages over chloropierin. If a grower wants 
to replant as soon as possible, methyl bromide mixture is more satisfactory, 
since it appears to penetrate unrotted roots, and it escapes from the soil 
cpiickly so that replanting can take place a few days after treatment. The 
efficacy of chloropierin may be reduced if root galls from the previous crop 
are not given sufficient time to decay before the treatment is made. No 
information on the penetrating power of ethylene dichloride or D-D mix- 
ture into unrotted roots has been obtained. Ethylene dichloride dissipates 
from the soil fairly rapidly. Toxic quantities of D-D mixture appear to 
persist in the soil for even longer periods than will chloropierin. Soil con- 
ditions greatly influence the length of retention of any of these chemicals, 
but their rate of dissipation seems to be in the order indicated. 

The lachrymatory effects of chloropierin make it disagreeable, but it is 
safe to work with. Methyl bromide mixtures are not disagreeable to 
liandle, but may be somewhat dangerous because of their toxicity to humans. 
If proper precautions are observed, harmful effects appear unlikely. 
Neither ethylene dichloride nor the D-D mixture are seriously toxic or 
especially disagreeable, but breathing vapor of D-D mixture for long 
periods may have a nauseating effect, and both chloropierin and D-D may 
eaiise chemical burns if left in contact with the skin. 

Chloropierin vapor is very toxic to foliage, which necessitates removing 
all plants from a house before it may be safely treated. Plants appear more 
tolerant to the other fumigants, which means that under certain circum- 
stances one area in a greenhouse may be treated without removing x^lants 
from nearby areas. 
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Cost of treatment is not an extremely important factor in selecting a 
material if liigli-yalue crops are to be grown, but the low costs of D-D and 
the methyl bromide mixture permit their use for low- value crops. 

Neither the methyl bromide mixture nor ethylene dichloride have a 
marked corrosive effect on metals. Consequently, these chemicals can be 
applied with certain applicators which would be unusable with more cor- 
rosive materials, as ehloropicrin and D-D mixture. 

The advantage of using mixtures of fumigants is often questionable. 
Adding methyl bromide to ehloropicrin results in a mixture which has good 
penetrating power and is fungicidal, but the mixture is more difficult to 
handle than ehloropicrin alone and the lachrymating and corrosive features 
of ehloropierin are still present. Mixing ethylene diehloride with chloro- 
pierin results in a more economical fumigant than ehloropicrin, but it is 
still disagreeable to use and the effectiveness seems to be proportional to 
the amount of ehloropicrin. On the other hand, mixing methyl bromide 
with other chemicals is necessary to keep it from vaporizing too rapidly 
at ordinary temperatures. Methyl bromide mixtures other than the ones 
used ill these experiments may prove more valuable as soil fumigants. 

The chief advantages of soil fnmigation with chemicals over heat treat- 
ment, such as steam or hot water, lie in their greater economy and lower 
equipment and labor requirements. Steam treatment, luwever, is more 
effective against a wider range of soil pests, can more safely be made in 
houses containing growing plants, and usually permits the soil to be re- 
planted more promptly. 

Hand injectors were employed in these experiments: a ‘‘Larvajector,^’’’ 
model ER for ehloropicrin, model A for D-D and a Mack’s Chemical 
Injector for other fumigants. In more recent tests, still under progress, 
a two-row, eontinnous-flow, power-driven type of applicator has been used 
in comparison with hand-operated injectors. Use of such apparatus re- 
duces labor and time, thus adding to the practicability of fumigation as a 
method of controlling soil-borne pests. 

SUMMARY 

The efficacies of several soil fumigants against Heterodem marioni were 
compared in two commercial tomato greenhouses. Control of root knot 
was measured by comparing yields and by scoring all roots on several series 
of replicated plots. 

The following materials, listed alphabetically, and rates of application 
gave good control when injected 4-5 inches deep on 10-iuch centers : 
ehloropicrin (Larvaeide), used at 1.6, 2, and 2.5 ee. per in 

ehloropicrin pins ethylene diehloride (1 to 9) at 7.85 and 10 cc. per 
injeetion. 

^ I loeured from, Inuis, Speiden and Co., Niugrira Palls, IST. Y. Delivers up to 4 or 5 
ee. per injection. ^ 

^ ^ 8 Procured from Btaufeer Gliemical Co., New York. Delivers up to 60 ce. per 
injection. ^ ^ 
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CMoropicrin plus metliyl bromide (3 to 1) at 1.8 and 2.0 ee. per injection. 

D-D mixture, containing approximately equal parts of l,2-dicliloropro~ 
pane and 1,3-dicliloropropylene, used at 4 ec. per injection. 

Etliylene diebloride at 15 cc. 

Metbyl bromide mixture (Dowfuine Br. 10), containing 10 per cent 
metliyl bromide in a 3 to 1 mixture of etliylene diebloride and carbon 
tetracbloride, used at 3, 4, 5, 6, 7, and 8 ec. per injection. 

Tile advantages and disadvantages of each are discussed. Furyl-nitro- 
ethylene dust at 20 pounds per thousand square feet failed to control root 
knot. 

Increasing the dosage of chloropierin above 1.6 ce. and of the 10 per cent 
methyl bromide mixture above 3 ec. per injection did not result in larger 
yields, even though more complete control of nematodes was obtained. 

Increased yields from the treated plots were due to the production of 
more tomato fruits, rather than to an increase in their average size. 

Certain of the materials have advantages over chloropierin for nematode 
control either because they are cheaper, easier to handle, or permit replant- 
ing sooner. The 10 per cent inethyl bromide mixture appears very prom- 
ising in all these respects. 

These investigations were made possible by fellowship funds supplied 
by The Dow Chemical Company and limes Speiden and Company. 

Dept, of Plant Pathology, 

Cornell University, 

Ithaca, New York. 


literature cited 

1. Carter, Walter. A promising new soil amendment and disinfectant. Science 97: 

383-384. 1943. 

2. Chitwoob, B. G. Soil treatments witli volatile liquids for control of nematodes. 

Phytopatli. 31: 817-824. 1941. 

3. Gingrich, C. E., and C. M. Haenseler. The use of methyl bromide to control the 

root-knot nematode, Heterodera marionL Proc. Helminth. Soe. AVash. 8: 50-53. 
1941. 

4. Godfrey, G. H., and P. A, Young. Soil fumigation for plant disease control. Texas 

Agr. Expt. Stat. Bull. 628. 1943. 

5. Newhall, a. G. Control of root-knot nematodes in greenhonses. Ohio Agr, Exp. 

Stat. Bull. 451. 1930. 

a; ^ F. L. Stark, Jr. Chloropierin and ethylene dichloride for root- 

knot mematode control. Phytopath. 32: 626-630. 1942. 

7. PiNCKARD, J. A. Soil fumigant effective against root-knot and meadow nematodes. 

Seed World 54: 12-13. Nov. 19, 1943. 

8. Taylor, A. L. Soil fumigation with chloropierin for control of the root-knot nema- 

tode, Phytopath. 33: 1166-1175. 1943. 

9 ^ ^ and C. W. McBeth. Preliminary tests of methyl bromide as a 

nematoeide. Proe. Helminth. Soc. Wash. 7 : 94-96. 1940. 

10. — — — , and . A practical method of using methyl bromide as 

a nematoeide in the field. Proe. Helminth. Soc. Wash. 8: 26-28. 1941. 


THE USE OF FUNGICIDES AND GEOWTH SUBSTANCES IN THE 
CONTEOL OF FUSARIUM SCALE ROT OF LILIES 

W. D.MoClellani and Neil W. Stuakts 
(Accepted for publication June 1, 1944) 

Easter lilies {Lilium longifioriim Tliunb.) are propagated from bulb off- 
sets, stem bulblets, aud scales. These last are fleshy overlapping segments 
of the bulb and afford the most I’apid means of increasing desired types. 
However, when the scales are removed from the bulbs their injured bases 
are vulnerable to attack by the basal rot organism, Piosarium oxysporum f. 
Ulii Imle. Some of the new' Easter lily dons developed at the Plant In- 
dustry Station, Beltsville, Maryland, are very susceptible to this rot. Imle 
(9) states that the culture of many other lily species, such as L. auratum 
Lindl., L. Browni Poit., L. hulbifertim L., L. candidum L., L. formosanum 
Stapf, L. speciosum Tlmnb., L. tesfaceum Lindl., and L. Willmottiae Wils., 
is limited by this disease. 

In an effort to find a suitable fungicide which could be applied to scales 
for protection against rot, a number of materials aud combinations of ma- 
terials have been tested on scales of Lilinni longiflorum and L. testaceum. 
Certain of these fungicides controlled Fusarium rot and in addition some of 
them stimulated root and shoot growth when used alone or as carriers for 
synthetic growth substances. 

MATERIALS 

lAliurn longiflor um and L. testaceum bulbs used in these tests were grown 
at the Plant Industry Station, Beltsville, Maryland, in 1943. After harvest 
the bulbs were packed in moist peat and held in common storage until used. 

The method of handling the scales in greenhouse tests has been described 
in detail elsewhere (10, 14). Essentially it consists in removing the scales 
from the bulbs, treating them with growth substances, placing them on sand 
on greenhouse benches, and covering with 2 to 3 inches of wet sphagnum 
moss. Bulblets and roots form in from 3 to 6 weeks, and the scales may then 
be planted in flats or in the field. 

The following materials were employed in the scale treatments : Fermate 
(ferric dimethyldithiocarbamate, Du Pont Semesan Co.); Zincate (zinc 
dimethyldithiocarbamate, R. T. Vanderbilt Co.) ; Spergon (98 per cent tetra- 
ehloro-para-benzoqninone plus 1 per cent of a buffering agent, U. S. Rubber 
Co.) ; New Improved Ceresan=* (5 per cent ethyl mercury phosphate, Du Pont 
Semesan Co.) ; Arasan (50 per cent tetramethyl thiuramdisulfide, Du Pont 
Semesan Co.) ; 37 to 40 per cent formalin solution; naphthaleneacetic acid; 
and iudolebutyrie acid, 

1 Assistant pathologist, and 2 pltysiologist, both of the .Division of Fruit and V'egc- 
table Crops and Diseases, Bureau of Idant Industry, Soils, and Agricultural Engineering, 
Agricultural Keseareh Administration, United Btides Department of Agriculture Belts- 
ville, Maryland. ’ 

3 Hereafter in this paper New Improved Ceresan will be referred to as Ceresan. 

bim ,, , 
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METHODS AND RESULTS 

Experiment Scales from bulbs of a cion, No, 22^34, whieli bad been 
very susceptible to Fusarmm in the field, were treated as follows : Some were 
dipped momentarily in a suspension of Fermate or of Zincate, each at the 
rate of 1 pound to 100 gallons of water ; others were dipped for 2 minutes in 
a suspension of Ceresan at the rate of 1 pound to 40 gallons of water ; a 
fourth lot was coated with Arasan at the rate of 2 ounces to 60 pounds of 
scales; a fifth' lot was coated with Spergon at the rate of 2 ounces per 100 
pounds of scales ; and a sixth lot was soaked for 30 minutes in a 2 per cent 
formaldehyde solution (1:50 dilution of comniereial formalin). The Sper- 
gon and Arasan were applied by shaking the weighed scales in a paper sack 
containing the required amount of material. Approximately 150 scales were 
treated with each fungicide, then separated into 3 lots, placed in 3 different 
plots on a greenhouse bench, and covered with sphagnum. 

Thirty-three days later the scales were examined and photographed. 
Those treated with Spergon or Arasan were protected from scale rot and 
had by far the greatest development of roots, bulblets, and shoots (Fig. 1). 
Ceresan afforded excellent protection from rot but inhibited bulblet forma- 
tion. Scales treated with formaldehyde showed considerable surface injury. 
Fermate and Zincate were relatively ineffective as protectants.'* 

Experiment 2. Growth stimulation resulting from Arasan and Spergon 
in Experiment 1 suggested that if these materials were combined with Cere- 
san the inhibiting effect of the latter might be overcome. It also seemed 
desirable to test combinations of each fungicide with a number of root-induc- 
ing chemicals that have been recommended as aids in propagation (10) . The 
latter furnish no protection against , rot and may cause injury to the scales. 

A second experiment was set up in which the treatments included combi- 
nations of fungicides and growth substances. Two types of scales were 
used. The first type was from a mixture of Easter lily cions that were 
apparently free of Fusarium rot when dug and scaled. The second type Avas 
from a Fusarium-susceptible cion, No. 38. No scales showing evidence of 
disease were used. The following treatments Avere applied to scales of each 
type: Ceresan, Spergon, Arasan, naphthaleneaeetic acid 1 : 5000 in talc, 
indolebutyric acid 1:5000 in talc, 2 per cent formaldehyde, a 30-minute 
water soak, and an untreated control. The following combinations were 
also used : Ceresan and Spergon, Ceresan and Arasan, Spergon and naphtha- 
leneacetic acid, Spergon and indolebutyric acid, Arasan and naphthalene- 
acetic acid, Arasan and indolebutyric acid, 2 per cent formaldehyde solution 
containing 0.001 per cent naphthaleneaeetic acid, and 2 per cent formalde- 
hyde solution containing 0.001 per cent indolebutyric acid. Seales Avere 
treated with Ceresan as in Experiment 1. ‘When Arasan or Spergon Avare 
used either alone or as carriers for the groAvth substances, Aveighed amounts 
of the powders were not used but the scales were coated by shaking them in 

^ Til more recent tests Fermate dusted on lily scales has provided excellent protection 
against rot. 







Fnsai’imii-suseeptible Easter lily scales 33 days after treatment with the following materials: A, Perinate; B, Zincate; C, Spergoiij 
New Improved Ceresaii; and formaldehyde. Upper row (all treatments) ^ infected scales without biilblets; middle row (witt 
of treatment E), infected scales with biilblets; and lower row, healthy scales, with and without bulblets. Middle group of treat 
liy scales without bulblets ; and lower group of E, healthy scales with bulblets. There were approximately 150 scales in each treat 
' scales that were entirely rotted are not included. 
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a paper bag with an excess of these materials. When Ceresan was used with 
Spergon or with Arasaii the scales were first dipped for 2 minutes in a sus- 
pension of 1 pound of the mercurial to 40 gallons of water, allowed to dry, 
then dusted with Arasan or Spergon. In all other treatments in which com- 
binations were used the materials were combined prior to application. 
Seales were soaked for 30 minutes in the formaldehyde solutions. 

The naphthaleneacetic and indolebutyric acid mixtures were prepared 
at a concentration of 1 part in 5000 parts of talc, Spergon, or Arasan. The 
acids were dissolved in sufficient 95 per cent ethyl alcohol to wet thoroughly 


TABLE 1. — Num'bers of healthy scales ^ scales with hulhlets, and hulhlets on two 
groups of Easter My scales 40 days after treatment with fungicides and growth sub- 
stances, One hundred and fifty scales from each group were used for each treatment 



Mixture of clonsa 

Cion No. 38 

Treatment 

Healthy 

scales 

Scales with 
bulblets 

Bulblets 

Healthy 

scales 

Scales with 
bulblets 

Bulblets 


Num- 

Num- 

Nmn- 

Num- 

Num- 

Num- 


ber 

ber 

ber 

ber 

ber 

ber 

New Improved Ceresan 

122 

110 

154 

84 

62 

85 

Spergon 

109 

144 

242 

67 

111 

168 

Arasan : 

129 

148 

258 

103 

124 

184 

Naphthaleneacetic acid 1 : 5000 

26 

119 

197 

32 

95 

140 

Indolebutyric acid 1 : 5000 

23 

109 

165 

19 

59 

92 

New Improved Ceresan + Spergon 

129 

94 

153 

96 

65 

86 

New Improved Ceresan + Arasan 

140 

i 142 

287 

125 

126 

207 

Spergon + naphthaleneacetic acid 1 : 5000 

110 

1 145 

266 

61 

116 

189 

Spergon -f indolebutyric acid 1 : 5000 

111 

144 ! 

267 

68 

101 

138 

Arasan + naphthaleneacetic acid 1:5000 ... 

127 

149 

276 

116 

129 

227 

Arasan + indolebutyric acid 1 : 5000 

134 

145 

268 

120 

130 

212 

2% formaldehyde + 0.001% naphthalene- 
acetic aeidi) 

17 

130 

223 

3 

71 

106 

2% formaldehyde + 0,001% indolebutyric 
acidb 

3 

118 

210 

0 

77 

115 

2% foi'maldehydeb 

5 

124 

217 

9 

79 

111 

Untreated, dry ' 

51 

134 

199 

22 

60 

74 

Untreated, water 30 minutes 

32 

130 

215 

17 

66 

82 

Least difference necessary for significance 
betw^een treatment totals with odds of 
19 : 1 

19.6 

12.5 

36.9 

20.6 

25.7 

35.5 

99 : 1 

26.4 

16.8 

49.7 

27.8 

34,6 

47.4 


a Bulbs from these cions appeared to be healthy when scaled, 
b Scales were injured by the formaldehyde treatment. 


the tale or fungicide used as a carrier. After the alcohol had evaporated 
the mixtures were broken up and stored in darkness. 

In each treatment there were 150 scales from cion No. 38 and 150 from, 
the mixed cions. They were divided into lots of 50 each and placed at 3: 
locations in a greenhouse bench. All scales were covered with sphagnum' 
that was kept moist. The temperature in the greenhouse was 65° to 70° P. 
during the day and 60° to 65° at night. 

The scales were treated October 21, 1943, and examined November 30, 
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1943. The scales from each treatment were sorted into 2 groups depending 
upon the presence or absence of bulblets. Each group was further sub- 
divided according to presence or absence of Pusarium infection of the scales. 
The healthy scales, scales healthy but without bulblets, total scales with bulb- 
lets, and total bulblets were counted. These data, except for the number of 
scales healthy but without bulblets, are in table 1. Scales entirely rotted 
are not included in the tabulation. It is quite possible that healthy bulblets 
could be produced from many of the scales not classed as healthy, since 
lesions frequently were present only at the tips or edges of scales farthest 
from bulblet production areas. Fusariiim was the only organism obtained 
from numerous isolations made from the decaying areas of these scales. 

All materials and combinations except naphthaleneacetic acid, indole- 
butyric acid, and formaldehyde alforded veiy good protection from Fu- 
mrhm. Of the materials tested individuall}', Arasan provided the best 
protection ; combined with Ceresan it was even more effective. Arasan and 
all the combinations in which it was used provided much better protection 
than did Spergon alone or in the same combinations. The differences be- 
tween Arasan and Spergon were nuxcli greater when used on the Fiisarium- 
susceptible cion No. 38 than when used on the less sxisceptible mixture of 
clous. Scales treated with indolebutyric acid or naphthaleneacetic acid did 
not appear to be injured, but those treated with formaldehyde, alone or in 
combination with either of these 2 growth substances, were injured. This 
formaldehyde treatment has been recommended for use on lily bulbs for the 
control of Pusarium basal rot (9), but it appears to be too severe for use on 
lily scales. 

As in the first experiment, Ceresan inhibited bulblet formation. Seventy 
of the 300 scales treated with Ceresan in Experiment 2 had not developed 
bulblets at the time records were taken. In a similar lot of scales treated 
with Ceresan followed by Arasan only 19 lacked bulblets. On the other 
hand there were 92 scales without bulblets Avhen Spergon followed the Gere- 
san treatment. In the other treatments, except the Spergon-indolebutyric 
acid combination, there were very few (0 to 16) scales without bulblets. 
Some of the scales from the mixed cions given the Ceresan, Arasan, or 
Ceresan- Arasan treatments as well as some of the scales not treated were 
removed from the sphagnum and planted in flats of soil in the greenhouse 
December 6, 1943. On Pebrnary 8, 1944, the scales were removed from the 
soil and photographed (Pig. 2). 

Whenever Arasan or Spergon was used, with the exception of the Sper- 
gon-Ceresan combination, there were significantly more bulblets than on 
untreated scales. Arasan treatments yiekhal more bulblets than tiie Spergon 
treatments. Naphthaleneacetic acid in talc applied to scales of clou No. 38 
was the only other treatment that resulted in tlie prodiKition of significantly 
more bulblets than the untreated cheeks. The greatest root and shoot de- 
velopment and bulblet production occurred when Arasau was used as the 
<iarrier for naphthaleneacetic acid (Fig. 3). In general, at the eoneentra- 




Fig. 2. Easter lily scales from a mixture of cions 110 days after treatment with Kew 
Improved Ceresan (upper row), New Improved Ceresan followed by Arasan (second row), 
Arasan (third row), and untreated (lower row). Arasan in combination has overcome 
the inhibiting effects of the Ceresan. Note the rot in the untreated scales. 


most severely rotted scales were discarded and the rotted areas of the others 
removed with a knife. When the scales were examined December 18, 176 of 
the 189 treated scales (98 per cent) showed no sign of rot whereas only 17 of 
the 62 untreated ones (27 per cent) were free of decaying areas. There were 


tioiis used, naphthaleneacetie acid resulted in the production of more bulb- 
lets than did indolebutyric acid. 

Experiment 3. Bulbs of Lilium testaceum badly infected with Fiisarium 
were scaled and treated with Arasan on November 20. Before treatment the 


1944] 


McCliELDAN AND StUART : FUNGICIDES FOR LiLY RoT 


971 





972 Phytopathology [Vol. 34 

274 bulblets (1.4 per scale) on the treated scales compared with but 35 (0.6 
per scale) on those untreated. 
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eribed for tlie most part to better protection of the treated seed during pre- 
and post-emergence. However, McNew reported evidence for stimulation 
of pea growth following treatment with Spergon (11). 

In the present study Spergon was very effective in protecting Easter lily 
scales from Fusarium rot during propagation. It was inferior, how^ever, 
to Arasan in protective action when scales from a very susceptible cion were 
used. Both fungicides exerted a marked growth-stimulating effect on tha 
treated scales. Part of this stimulation undoubtedly arose from the fact 
that the Fusarium infection was reduced, but there appears to be more 
growth acceleration than could be accounted for by this action alone. It 
has been suggested that the stimulation from the Arasan occurs because of 
its nitrogen content. This possibility remains to be established. The 
growth-stimulating properties of Spergon must be explained in some other 
manner since it contains no nitrogen. 

Ceresan afforded good protection against Fusarium on lily scales. Its 
use inhibited bulblet and root formation. This inhibition was largely over- 
come by treatment with Arasan, thus offering further evidence of the growth 
stimulating properties of the latter compound. Spergon was ineffective in 
overcoming Ceresan inhibition. Growth inhibition of lily bulbs following 
treatment with mercurials has been reported (13). 

Growth substances and fungicides recently have been combined for use 
in seed treatment tests with conflicting results (1, 2, 3, 12, 15). Grace 
(5, 6) and Grace and Farrar (8), who used ethyl mercury phosphate com- 
bined in tale dusts with indoleacetic and naphthaleneacetic acids on woody 
and herbaceous cuttings, report occasional beneficial results from the combi- 
nations. Ceresan (ethyl mercury phosphate) was not combined in the 
present study with either naphthaleneacetic acid or indolebutyric acid. 
However, when these 2 growth substances were combined with either Sper- 
gon or Arasan, bulblet formation was increased. The effect of the growth 
substances was expressed in much heavier rooting of the treated scales. The 
temporary reduction in growth of the bulblets and leaves which is often 
associated with heavy root production was eliminated by Arasan or Spergon. 
Addition of naphthaleneacetic acid or indolebutyric acid to formaldehyde 
did not result in greater bulblet production nor did their addition reduce the 
injurious effect of the formaldehyde as has been reported for wheat seed by 
Grace (4, 7). He added naphthaleneacetic acid and indoleacetic acid to 
formaldehyde or treated the seeds with the growth substances some time after 
the formaldehyde treatment and ’was able by either method to overcome the 
injurious effect of the formaldehyde. 

No evidence of ineompatibility between growth substances and fungicides 
has been reported previously or found in the present studies. The effect of 
other concentrations of growth substances in combination with these and 
other fungicides needs to be investigated. Such combinations may prove 
superior to existing preparations ‘for the propagation of many plant ma- 
terials owing to the provision for disease protection and growth stimulation 
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over long periods of time. Pnrtlier investigations of this problem are in 
progress. 


SUMMARY 

Bulb scales of two Lilimi longifloruin Tliunb. cions and scales of L. 
testacetim Lindl., all known to be very susceptible to rot caused bj" Fusarium 
oxysporum f. lilii Inile, and scales of a mixture of less susceptible Easter 
lily cions were treated with some or all of the following fungicides ; Ceresan, 
Arasan, Permate, Zincate, Spergon, and formaldehyde. The scales were 
examined after being planted for 4 to 6 weeks on a greenhouse bench under 
moist sphagnum. Very good protection was obtained with Arasan and 
Spergon. Arasan was superior to Spergon on the very susceptible scales. 
In addition, these 2 materials stimulated production of roots, bulblets, and 
shoots. Permate and Zincate were relatively ineffective, and formaldehyde 
injured the scales. Good protection was obtained with Ceresan but bulblet 
production was inhibited. When Arasan followed the Ceresan treatment 
this inhibition Avas overcome. Spergon did not have this effect. 

Arasan and Spergon were used as carriers for the growth substances, 
indolebutyrie acid and naphthaleneacetic acid, at 1 part of growth substance 
in 5000 parts of fungicide. These combinations produced heavier rooting 
and more bulblets than did the growth substances or fungicides when used 
alone. Under the conditions of these tests Arasan was superior to Spergon 
and naphthaleneacetic acid was better than indolebutyrie acid. 

Plant Industry Station, 

Beltsville, Maryland. 
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PHYTOPATHOLOGICAL NOTES 


Foliage Infection of Ly coper sicon esculentum hy Colletotrichum pJio- 
mokles, — Tlie tomato antliraenose fungus, Colletotrichum phomoides (Saec.) 
Chester, generally is believed to be pathogenic only on mature, or nearly 
mature, tomato fruits 5 although at least two vrorkers have reported leaflet 
and stem infection. According to Eolfs^ ^ ^ Anthracnose appears as small 
brown spots on the stems and leaves . . . these spots enlarge and the greater 
portion of the leaves may become invaded.’’ Giddings^ reported, '‘Stems 
may be attacked and in some cases the sunken spots may result in consider- 
able damage.” These reports were not supported by experimental evidence 
and apparently have not been generally accepted. The data reported herein 
demonstrate that under certain conditions C. phomoides may infect tomato 
foliage. 

Seedling tomato- plants of the varieties Eutgers, Marglobe, Early Balti- 
more, John Baer, Chicago, and Garden State were grown until 3 to 5 inches 
tall. Suspensions of spores, selerotia-like bodies, and mycelium obtained 
from agar cultures of Colletotrichum phomoides were atomized on the plants. 
Inoculated plants were held in a moist chamber for to 3 days and then 
removed to the greenhouse. Prom 5 to 7 days after inoculation small, 
necrotic spots appeared on the inoculated leaflets and cotyledons. Uninoeu- 
lated plants held under the same conditions remained healthy. Close exami- 
nation, with high magnification, of the lower surface of the inoculated leaf- 
lets revealed many small, sunken areas where the mesophyll had collapsed. 
The central portion later became necrotic, ultimately enlarging to a maxi- 
mum diameter of 2 mm., and was surrounded by a halo of chlorotic tissue 
(Pig. 1 ). Prequently the tips of immature leaflets were attacked, and in 
such cases the necrotic tissue was more extensive. Lesions on cotyledons 
were larger than on leaflets and were predominantly at the tip or near the 
margin. Prom one-fourth to one-third of the cotyledon was invaded before 
it abscissed. 

Spores typical of Colletotrichum phomoides were observed when indi- 
vidual lesions were crushed and examined microscopically. In most instances 
only 2 to 3 spores were observed for each lesion examined, but in a few cases 
spores were abundant. Definite acervuli were not seen. 

In one experiment at the Riverton laboratory 240 plants were inoeiilated. 
All became infected and the number of lesions varied from 4 to 198 per 
plant. Isolations were made from 30 leaflets 8 days after inoculation. The 
infected tissue was immersed in a 1-1000 solution of mercuric chloride for 
15 minutes and washed in several changes of sterile water to remove surface 
contaminants. Platings were made on potato dextrose agar, CoUetotrichum 
phomoides was recovered from 28 platings, while 2 remained sterile. Two 

iKolfs, F. M. Report of the horticulturist. Anthracnose. Florida Agr. Exp, SPr. 
Aim. Rept. 1905: 45-46. 1906. 

2 Giddings, N. G. Potato and tomato diseases. West Virginia Agr. Exp. Sta. Bui. 
165: 19, 20. 1917. 
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of the recovered isolates were used to inoculate tomato seedlings and in both 
cases leaflet lesions developed similar to those described. In another isola- 
tion experiment 14 infected cotyledons, 20 infected leaflets with necrotic 
spots, and 20 leaflets with infected tips were surface sterilized and plated on 
potato dextrose agar. Twelve of the lesions from cotyledons, 18 of the leaflet 
spots, and 18 of the infected leaflet tips yielded C. phomoideSy while the 
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^ Eig. 1. Tomato leaflets of tlie Eutgers variety infected with Colletotrichum pho- 
moides. Photographed 9 days after inoculation. Small, circular, necrotic spots are 
surrounded by halo of chlorotic tissue. Marginal infections are larger, irregular, necrotic 
spots. 

remaining 6 platings were sterile.— S. G. Younkin, Eesearch Department, 
Campbell Soup Co., Riverton, N. J., and A. W. Dimock, Cornell University, 
Ithaca, N.Y. 

Intercellular Mycelium of Taphrina deformans in Peach Fruit. — recent 
paper by Hildebrand'- regarding the occurrence of Taphrina deformans 
(Berk.) Tul. on peach fruits has emphasized the paucity of direct evidence 
for the existence of the organism in such material. Hildebrand was unable 
to find any trace of the fungus in the maturing fruits that he examined, and, 
as far as the writers are aware, only three statements'-''-^ of the actual pres- 

1 Hildebrand, E. M. Mature peach fruits affected by leaf curl. Phytopath. 34- 

345-347. 1944. j r 

2 Clinton, 6. P. Eeport of the botanist for 1913. Conn. Agr. Exp. Sta. Ann. Bept. 

1914, Pt. I: 1-43. 1914. ® A ^ 

3 Arnaud, Gabriel, and Madeleine Arnaud. Traite de pathologie vdgdtale. Tome I, 

Vol. 2, 995-1831. Paris, 1931. s s 

^ Bose, Dean H., H. P. Pisher, Charles Brooks and C. O. Bratley. Market diseases of 
fruits and vegetables: peaches, plums, cherries and other stone fruits. IT. 8. Dept. Agr. 
Misc. Publ. 228: 26 pp. 1937. ^ ® 
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enee of the fungus exist in the many descriptions in the literature of peach 
fruits which, by their symptomatology and association, were believed to be 
infected with the leaf curl fungus. The evidence for the existence of T. de- 
formans on the fruit, therefore, appears to be chiefly circumstantial. The 
possibility exists, how-ever, that other factors such as viruses or insects may 

be involved in the expression of the previously described fruit symptoms 

discolored, slightly raised lesions or warty protuberances. In this connec- 
tion, a comparison of Blodgett’s findings on peach wmrt’ with some of the 
descriptions and illustrations of peach fruit presumed to be infected with 
T. deformans reveals a marked similarity in symptomatology between the 
two diseases. For this reason, examination for the presence of internal 
m^' celium was made of various California collections of half-gi*own and 
nearly mature peach fruits with characteristic lesions or warty protuber- 
ances, or, in some eases, symptoms intermediate betw^een these two types. 

Fruits with discolored, slightly raised lesions similar to those illustrated 
by Smith" were sent to us from Davis, California, by Dr. E. B. "Wilson in 
1942. Freehand sections revealed a small amount of sub-epidermal my- 
celium, essentially similar in appearance to that found in infected leaves. 
In a personal communication. Dr. Wilson stated that he had actually found 
mature asei and aseospores on the surfaces of some of these peach fruits, an 
observation similar to those made by ClintoiF and G. and M. Arnaud’* on 
peaches and to that of Cunninghand on infected nectarine fruits. Pre- 
served herbarium specimens from unknown localities in the State exhibiting, 
for the most part, slightly raised lesions were examined microscopically and 
yielded abundant intercellular, septate mycelium (Fig. 1, A, B, C, D) Wieh 
was sometimes 2| mm. below the epidermis. In addition, sub-eutieular my- 
celium (Fig. 1, B) and aseogenous cells were found. As noted by other 
investigators,'’^ the trichomes were scarce or lacking on the surfaces of the 
slightly raised lesions. 


No trace of the fungus was found through histological examination of 
fresh and p-eserved specimens from other California collections, most of 
which consisted of fruits with the w'arty type of symptom similar to that 
illustrated by Eose" and in which there appeared to be no reduction in the 
number of trichomes on the surface. Because of the readiness with which 
the mycelium was demonstrated in fruits with the other type of lesion, it 
appears doubtful whether these warty specimens were actually infected with 
the peach leaf curl fungus. 


Since some of the fruits examined possessed symptoms that were inter- 
mediate between the warty type and the type with slightly raised lesions, it 
appears that no definite correlation is possible between macroscopic appear- 
and of the fruit and the presence of the fungus. Thus, because of the possi- 
bility that factors other than the organism may be responsible for the effects 

’! Earle 0- Peach wart. Phytoixith. 33: 21-32. 1943. 

!! K- Piseases of fruits and nuts. Calif. A^v. Ext. Circ. 120. 1941 

‘ Cunningham, G. H. Leaf curl bladder x^lum and cherry curl O'heir MriDcnra'iicc 
^'HLse and control. Xcw Zealand dour. Agr. 26: 85-97. 1923. upptaiaiui , 
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Fig. 1. Intercellular mycelium of Taphrina deformans in peacli fruit. A, B, C, D. 
Sub-epidermal hyphal strands. E. Sub-cuticular Iiyphaltstrand. Stained with 0.1 per cent 
cotton blue in lactophenol. (A, D, E, x 850; B, C, x 1200). 

observed, it is, in the writers’ opinion, unwise to state with assurance that 
peach fruit is infected with J'. deformans merely upon the basis of symp- 
tomatology.— Catherine Eoberts and J. T. Barrett, Division of Plant 
Pathology, University of California, Berkeley 4, California. 

Hot-wafer Treatment for Control of Phytophthora Boot Rot of Calla . — ■ 
Boot rot of calla (Zantedeschia sp.), caused by Phytophthora ricliardiae 
Buis., is the most common and destructive disease of this popular ornamental 
in eastern greenhouses. The damage results from extensive rotting of the 
roots which leads, in turn, to dying of the foliage and partial or complete 
failure of the flower crop. In most eases the pathogen penetrates very 
slightly into the rhizome tissue at the point of attachment of the roots and 
remains viable in such lesions for many months under the usual conditions 
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of handling. Such infected rhizomes thus serve to carry the pathogen from 
one season to the next within an individual greenhouse, and serve as the 
principal, if not the sole, means of disseminating the organism over long 
distances. 

Portiuiately, almost complete eradication of the pathogen can be effected 
by soaking infected rhizomes for 1 hour in a 1-50 formaldehyde solution,^ 
in a 1-1000 mercuric chloride solution,^ or in a suspension of 1 lb. of New 
Improved Ceresan plus 2 oz. Dreft in 50 gallons of water.® The treated 
rhizomes should be planted in soil and containers free of the pathogen. 

The successful use of hot- water treatments in the control of other diseases 
caused by Pythiaceae (reviewed by Baker and Cummings'^) suggested that 
such treatments might here be used in lieu of the chemical treatments for 
calla rhizome disinfection. 



Fig. 1. Control of Pliytoplithora root rot of calla by hot-water treatment. Left, 
untreated checks ; right, rhizomes soaked for 1 hour at 122° F. prior to planting. Both 
lots planted in sterilized soil. Photographed after 128 days. 

Thirty dormant white calla rhizomes known to have been infected during 
the 1943 season were lined out on the laboratory table according to size. 
Every second rhizome was taken for treatment and the remainder were used 
as untreated controls. Because of the limited sample only one treatment 
was employed, a hot-water soak at 122° F. (50° C.) for one hour. On the 
basis of previous work^ this was thought adequate to kill the fungus, and 
had been found in extensive trials® to be safe for dormant calla rhizomes. 
The treatment was made November 8, 1943, and both treated and untreated 
lots were planted in sterilized soil in sterilized pots 2 days later. The two 
lots were separated by a considerable distance, but were kept in the same 
greenhouse section. The pots were not in contact with the bench soil. 

T- Buiaman, C, J. Boot rots caused by Phycomycetes. Meded. Pbytopatli. Lab. 

Willie Commelin Seholten’’ Baarn. 11: 1-51. 1927. 

2 TOford, P. Fi. Calla lily root rot and its control. Ohio Agr. Exp. Sta. Bimonthly 
Bull. 157: 138-140. 1932. 

3 Creager, I). B. Successful culture of callas requires prevention of diseases. Flor. 
Bev. 92 (2382) : 11-12. 1943. 

4 Baker, K. F., and K. Cummings. Control of Pythium root rot of Aloe varicgata by 
hot-water treatment. Phytopath. 33: 736-738. 1943. 

G Unpublished tests by Stephen Wilhelm, University of California, Los Angeles. 


1944] 


PHYTOPATHOLOGIGALt NOTES 


981 


A few of the untreated plants had definite symptoms of root rot on Janu- 
ary 20, and by February 28 all untreated plants were infected. On March 
17 the foliage of all untreated plants was practically dead and the root 
systems were completely rotted, while neither root infection nor foliage 
symptoms could be detected in any plants of the treated series (Fig. 1). 
The experiment was then discontinued. 

The perfect results obtained in this exploratory test with known infected 
material indicate that heat-treatment may safely be employed as an alterna- 
tive to chemical treatment of infected rhizomes in the control of Phy- 
tophthora root rot of calla. There was no evidence of delay in either 
sprouting or blooming in this test comparable to that reported from chemical 
treatment. — ^A. W. Dimock, Cornell University, Ithaca, N. Y., and K. F. 
Baker, University of California, Los Angeles, California. 


Two New Records of Sphaceloma Diseases in ihe United States. — In July, 
1943, diseased leaf specimens of Aralia spinosa L. from a nursery in north- 
eastern Missouri were received from C. M. Tucker, of the University of 
Missouri, for identification of the fungus present. The severely diseased 
growth was affected by scab caused by Sphaceloma araliae Jenkins^ (Fig. 
1, A). On the advice of Dr. Tucker the entire planting of Aralia was re- 
moved from the nursery and destroyed by burning in order to avoid the 
spread of the disease from that source. Previously the scab had been known 
only from Maryland, where it was discovered at Edgewater, Anne Arundel 
County. The affected plants were in a wild plant garden where they had 
been transplanted from their native habitat. All of the diseased growth 
w^as removed and preserved as herbarium specimens. The disease did not 
recur. On his visits to the same county, that is, to Herald Harbor, which is 
about 10 miles from Edgewater, J. A. Stevenson has examined wild Aralia 
spinosa for scab, but none has been found. In 1941, using a culture isolated 
by the writer in 1934, Mr. Stevenson made a few inoculations on plants 
growing on his property at Herald Harbor. A limited number of lesions 
resulted on the inoculated foliage, which also was gathered for an herbarium 
specimen. As in the previous instance, no subsequent trace of the disease 
was found either on the inoculated or on nearby uninoculated plants. 

Diseased willow leaves gathered in Skagit County, Wash., in August, 
1943, by inspectors of the Bureau of Entomology and Plant Quarantine 
and referred to the writer for examination have been recognized to be 
affected by gray scab caused by Sphaceloma murrayae Jenkins and Grod- 
sinsky (Fig. 1, B). (See Grodsinsky and Jenkins,^ page 56, footnote 1.) 

1 Jenkins, A. E. Mew species of Sphaceloma on Aralia and Mentha. Jour. Wash 
Acad. Sei. 27: 412-414. 1937. 

2 Grodsinsky, L., and A. E. Jenkins. Sphaceloma murrayae en diversas espeeies de 
Salix. My. Argentina Agron. Mo. 1, 10: 55-58. 1943 (issued March 15, 1943). The 
diagnosis of S. murrayae, just cited, is quoted from that appearing in the text of the 
article by Jenkins and Grodsinsky entitled ^‘Sphaceloma on Willow in Mew Zealand’’ 
(Trans. Brit. Myc. Soc. Parts I and II, 26 : 1-3. 1943. Issued April 8, 1943) . Although 
the article in the “Transactions” was in press in advance of that in the “Bevista,” it 
was published slightly later as just indicated. For reasons of priority, therefore, the 
quoted diagnosis is the initial one. 
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The willow was identified by C. K. Ball as the Pacific Coast species, Salix 
lasiandra Bentli. This is the first record of g‘ray scab on this species of Salix, 
as well as the first from 'Washing-ton State. 

The hosts and geographic range of Sphaceloma murrayae as loreviously 
known'^ may be summarized as follows: SaUx hahiflonim L., New Zealand; 
8. fragilis L., Khode Island, New York, Virginia, and New Zealand; S. 
fragilkxalha, Virginia; 8 . lasiolepis Benth., California; 8. vimimUs L., 
Latvia, also on this species as cultivated in the Delta del Parana, Argentina. 


Pig. 1, A. Scab of Aralia on Aralia spinosaf nortbeastern Missouri, August, 1943. 
J. A. Denning. B. Gray scab of willow, on leaves of Salix lasiandra, Skagit County, 
"Wasli., August, 1943, gathered by inspectors of the U. S. Bureau of Entomology and 
Plant Quarantine. Photographs (x 1) by E. L. Taylor. 


Based on this distribution of Sphaceloma murrayae, Dr. Ball has 
furnished the following comment ; 

‘^It is interesting to consider the implications of three facts now appar- 
ent. 1. This fungus now is known to occur on five species of Salix, belong- 
ing to four Sections of the genus (Lucidae, Pragiles, Lasiolepes, and Vimi- 
nales). Only the first two are closely related. 2. It has been collected on 
four continents, the countries represented being New Zealand, Latvia, 
Argentina, and the United States. In the last, it has been found in Rhode 
Island, New York and Virginia, in the Bast, and in Califoiniia (S. W., 
(fentral, and N. W.) and in Washington, in the West. 3. Nearly all of the 
collection localities known to date are coastal and all are within the reach 
3 Lee. ctL, ef. articles cited iti footnote 2. 
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of ocean influences. This may or may not be significant. These three facts, 
taken together seem to indicate that this fungus may occur still more widely 
than yet known, both as to host species and as to geographic range, especially 
coastal. — Anna E. Jenkins, U. S. Plant Industry Station, Beltsville, 
Maryland, 

Experimental Control of Ora/nge Decays with Thiourea, — Stem-end rots, 
caused Diplodia natalensis and Phomopsis citr% and green mold, due to 
PenicilUum digUatum^ of citrus fruits have long caused serious economic 
losses. In preliminary experiments between January and July, 1944, thi- 
ourea has been highly effective in preventing the development of these 
organisms on inidseason and late Auirieties of oranges sucli as Pineapple, 
Temple, Valencia, and seedling types. Before its commercial use on citrus 
fruit can be recommended, however, it will be necessary to have more coni- 
plete knowledge relative to the possible effect on public health. 

Fruit used in this work w-as either clipped directly from the trees or ob- 
tained from packing houses. Usually about 40 fruits were used for each 
treatment within an experiment, a number deemed sufficient because of the 
negligible amount of decay in treated lots in contrast to the large amount in 
cheeks. In most cases the fruit was exposed to ethylene vapors 40 to 50 
hours before experimental treatment, because such exposure favors the de- 
velopment of stem-end decay. This gassing treatment assured a high per- 
centage of decayed fruit in the check lots and at the same time served as a 
severe test of the efficacy of thiourea. To afford maximum opportunity for 
decay, the fruit w^as stored at 70^ P. for 3 weeks before final readings were 
taken. Hence, it should be emphasized that the percentage of decay was 
considerably higher than is ordinarily obtained under commercial conditions. 

In-vitro tests with thiourea dissolved in cornmeal agar (Difco, 1.9 per 
cent) show^ed that D. natalensis grew^ at 0.1 per cent but not at 0.2 per cent 
concentration and that P, eitri and P. digitatum grew at 0.01 per cent but 
not at 0.02 per cent concentration. 

Concentrations of thiourea covering a range from 10 per cent to 0.1 per 
cent were tested in several experiments. Approximately 50 per cent control 
was obtained w^ith 1 per cent concentration and over 90 per cent control was 
obtained with 4 per cent (Table 1). 

The solubility of thiourea is 9.18 gm. per 100 cc. at 13° C. In 164 fruits 
(4 experiments) dipped in 10 per cent thiourea at 21° C. there was 2.5 
])er cent decay ; in 179 check fruits there Avas 30.7 per cent decay. Thus 
the 10 per cent concentration did not give a significant increase in control 
over that obtained with 4 per cent thiourea (Table 1). A 2 per cent solu- 
tion was only slightly less effective than the 4 per cent. 

A 5 ])er ccmi solution, which is well within the solubility range of thi- 
ourea, Wits itrhiti‘iirily chovseii for extended tests. lu seven lots of treated 
fruii (225 truits) 1.8 per cent decaj^od; in tlie seven luui-treated hPs (222 
fniits) 88.2 per cent decayed (Table 1). 
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One of the questions considered was the possible value of a wetting* agent 
in the dip. Vatsol O.T., 0.05 per cent, w^as used, but later tests indicated 
that it gave no improvement in control. Nevertheless the use of a wetting 
agent was continued to insure more complete coverage. 

Tests were made to determine the extent to which the effectiveness of 
thiourea is altered by washing or brushing the fruit subsequent to dipping. 
A greater degree of control was secured when the thioure?^ " is dried on the 
fruit before washing. When the fruit dipped in ' " cent solution of 
thiourea was dried before washing there was nc necay * when washed while 
still wet, there was 19 per cent decay, compared to 44.6 per cent decay in the 
{'heck lots. Similar experiments were made in which fruits, were dried by 
running them over 35 feet of revolving horsehair brushes. When the treated 
fruits were brushed while still W'Ct only partial control wms obtained (10 per 


Table I.-— Effect of various concentrations of thiourea on control of stem-end and 
green mold rots 


Goneentra- 
tioB of 
thiourea 

No. fruits 

Fruits rotted 

Total 

With 

stem-end 

rot 

With 

green mold 
rot 

Fer cent 




. No. 

Per cent 

10 

164 

0 

4 

4 

2.5 

Cheek 

179 

38 

17 

55 

30.7 

5 

225 

3 

1 

4 

1.8 

Cheek 

222 

60 

25 . 

85 

- 38.2 

■ 4 

117 

0 

3 

3 

2.6 

2 

184 

6 

9 

8 

4.3 

1 

182 

' ■ 25 ■ 

4 

28 

15.9 

0.5 ‘ 

186 

42 

10 : 

52 

27.9 

, 0.25 , 

146 

38 

9 

47 

32,2 

Cheek 

184 

61 

5 

66 

35.8 

0.10 

147 

45 

10 

55 

37.4 

Cheek 

147 

45 

3 

48 

32.6 


cent decay in the treated lots ; 43.3 per cent decay in non- treated lots) . Tln- 
f ortiinately, there w^ere no experiments in which treated fruits were air dried 
before brushing. But in a single experiment wuth 80 fruits, excellent con- 
trol was secured wdien the fruits were treated and air dried, after brushing. 
There was no decay in the treated lot; 49 per cent deeav in the non-treated 
lot. 

To prevent wilting of the fruit during storage several lots were waxed 
after the thiourea treatment by dipping them in a proprietary wax emulsion. 
It seemed desirable to test the effectiveness of thiourea combined with the 
emulsion. In two experiments wuth 252 Valencia fruits gassed 40 and 42 
hours, there was no decrease in control when thiourea was applied in the 
wuiter phase ot the wuix emulsion. The 5 i)et‘ cent tliiourea ti-eatmeiit re- 
sulted in 2.4 per cent decay and the 5 per cent thiourea |.)lus wuix emulsion, 
1.2 per cent decay ; and 34.5 per cent of the non-treated fruit decayed during 
18 days of storage. 

Several investigators have reported the causal organisms of stem-end rots 
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present in the ^‘buttons’’ (calyx, recei^tacle, and part of pedicel) at picking 
time. After frequently observing the marked browning effect of thiourea 
on the buttons,’’ an experiment with 100 non-gassed fruits was made. 
Thiourea (5 per cent) caused brovuiing of 48 per cent of the green buttons, 
while natural browning occurred on 16 per cent of the non-treated cheeks in 
13 days. Ethylene IMcewise causes button browning but at the same time 
increases stem-e decay. It is obvious that browning per se is not a factor 
in stem-end rot e * ' ' ■’"d that the decay-inhibiting effect of thiourea can- 
not be ascribed solely to lu^ phytocidal effect on the ^'button” tissues. The 
marked increase in browning produced by thiourea is contrary to what 
might be anticipated from an anti-oxidant. 

Some evidence that the linked sulfur of thiourea is important to its 
fungicidal activity was obtained from an experiment in which 69 gassed 
Valencia oranges were (a) dipped in 5 per cent thiourea, (b) dipped in 5 per 
cent urea, and (e) were not treated. At the end of 16 days there was no 
decay in (a), 56 per cent decay in (b), and 47 per cent decay in (c) . Addi- 
tional evidence that the linked sulfur is important was obtained from 
in-vitro tests. Media containing thiourea and media containing urea, in 
which the concentration of the = C(NH 2)2 fraction was the same over a wide 
range of dilutions, inhibited growth of these fungi only when the linked 
sulfur atom of thiourea was present. In limited tests with several inorganic 
sulfur compounds no significant decrease in decay was noted. 

Thiourea thus gave definite experimental control of stem-end rot and 
green mold decays of oranges. Although the data on gassed and on non- 
gassed fruit have not been segregated in this report, it is highly significant 
that thiourea is effective in controlling these decays even when applied after 
the fruit has been exposed to ethylene. — J. P. L. Chiids, and E. A. Siegler, 
Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant In- 
dustry, Soils, and Agricultural Engineering, Agricultural Kesearch Admin- 
istration, United States Department of Agriculture. 

A Canker and Some Decay Fungi on Mimosa. — The mimosa tree {Albk- 
zia julihrissin Durazz.) occurs abundantly in the southern part of the United 
States. Although a native of Asia, it is so well suited to the growing condi- 
tions encountered in much of our South that it has escaped from cultivation 
and now occurs in the wild at many places. This is the hardiest of the 
Alhizzia species but it cannot be grown very far north of Washington, D. C. 
Even at Washington, it is so near the extreme northern limits of its range 
that it sometimes suffers from winter injury; and twigs and branches killed 
during the winter are common. 

A recent examination of a number of mimosa trees in the District of 
Columbia disclosed numerous cankers (Pig. 1) on otherwise healthy 
branches and recalled an earlier collection made in 1935. Obviously many 
of the cankers, although present a number of years, have not caused pro- 
gressive dying, and have resulted in relatively little damage. Smaller twigs 
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and brandies were in some instances girdled but branches over an inch in 
diameter were seldom so severely affected. In each instance the canker had 
developed around the base of a smaller dead twig, indicating that the causal 
organism may be able to attack healthy wood only when it lias been previ- 
oiisly established in an adjoining dead portion. The fungus present in all 
cases was the ubiquitous Nectria cinnaharina Pr., for the most part in its 
imperfect stage {Tubercularia vulgaris Fr.) . This fungus was isolated and 
obtained in culture from the dead wood of the cankered areas. 


Nectria cinnaharina has been reported from a very wide range of woody 
plants, and from every continent in the world. To a considerable extent it 
is reported as a saprophyte on dead twigs and branches only, but in some 
instances, as in the present ease, as a wound parasite associated with cankers 
following drought or winter injury. It has been studied particularly as an 
organism associated with senescence and decline of apple and other fruit 
trees and shrubs. Only two previous published reports of the fungus on 
Albhzia have been found: one by Dr. Alma Waterman (Plant Disease Re- 
porter 23: 85, 1939) from North Carolina and one by D. P. Limber (Plant 
Disease Reporter 16: 138, 1932) in the Tnhercularia stage from Virginia. 
Specimens have also been collected in South Carolina and Maryland in 1938 
by members of the Division of Forest Pathology. 


Pig. 1. Cankers on. mimosa, each with a dead twig near its center and abundant 
fruiting of the Tubercularia stage of Nectria cinnaharina Fr. (Natural size.) 
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Althoiigii the Nectria was the preclominant fungus noted, other fungi 
were present on dead and dying branches and doubtless were contributing to 
the decline of the host trees. Five species in particular were wood-decaying 
fungi: Polyporus versicolor Fr., P. Mrsuius Fr., P. htlipiferus (Schw.) 
Overh., Stereum all)obadmm (Schw.) Fr. and Schizophylhim commune Fr. 
Etitypella stellulata (Fr.) Sacc. was also present in abundance on dead twigs 
and branches. All are common on other woody hosts, but do not appear to 
have been reported previously on Alhizzia, — ^Marvin B. Fowler and John 
A. Stevenson, Plant Industry Station, U. S. Department of Agriculture, 
Beltsville, Maryland. 


BOOKEBVIBWS 


Bawben, F, 0, Pla 7 it Viruses and Virus Diseases. Second Edition. XI + 294 pp., 48 

illus. Chronica Botanica Co., Waltham, Mass. 1943. Price $4.75. 

The author deals almost entirely with those viruses that have received the most in- 
tensive studies, and, as in the first edition, emphasis is placed on the biochemical and 
physical studies. The literature lists contain approximately 640 citations, about 150 more 
than the first edition. Two cases are noted in which papers are mentioned in the text 
but not listed with the references, Le., on page 100, McKinney (1937) and page 140, Mul- 
vania (1926^ The book is well illustrated and the tables are understandable. 

In Chapters 1 and 6 some of the author views show a noticeable bias. His inter- 
pretations of plant-virus and plant-disease phenomena seem to be unduly influenced by 
traditional views and facts pertaining to the vertebrates. This is especially noticeable 
in connection with some of his vie-ws relating to virulence, vaccination, and acquired 
immunity. No mention is made of the sparing effect or interference manifested by some 
of the viruses of the vertebrates. In a book of this scope, this subject merits full discus- 
sion in relation to the unilateral interference or antagonism acquired immunity’^) 
which occurs between certain plant viruses. On page 97 the author seems to ignore com- 
pletely the fact that the term mutation wms in use long before it Avas employed in con- 
nection with the organisms that reproduce sexually. Attempts to preempt this term for 
the sexually -reproduced organisms are little short of pure sophistry. ^ 

Chapter 2, on external symptoms, strikes one as being rather brief for a book of this 
character. Chapter 3, on the internal symptoms, is brief, but the author has given a 
good resume of the subject. Chapter 4, on virus transmission, is very brief, and there is 
a tendency to generalize — ^|:)erhaps too much— from the studies on the tobacco mosaic 
virus. In table 3 it is not clear why the author regards the two species of true bugs, 
Lygus pratensis and Pies'ma quadrata, as leafhoppers. 

Chapter 5 deals w'ith Auruses in relation to insect vectors. The author is critical of 
some of the interpretations put forward for the increase of virus in the leafhoppers, but 
it appears to the revievrer that the criticisms are essentially constructive. With reference 
to the author’s discussion of Black’s data on page 80, his statement, ^^it is noticeable 
that the number of successful inoculations is usually greater if the extracts of macerated 
insects is diluted 1/1000 than if diluted 1/100 or 1/10,” seems not to be misleading as 
claimed by Kunkel in his revieAV' (Science 99: 450, 1944). Granting that the infective 
differences shown betAveen the dilutions of 1/1000 and 1/100 are very small and probably 
not statistically significant, the fact remains that the complete data do give a strong 
indication that the virus was more infective in the insects when it was diluted. Bawden 
could have given more consideration to those of Black’s data which do indicate increase 
of virus in the inoculated insects in the final tests. HoAvever, if there is a true decline 
in virus concentration in the inoculated insects after approximately the 12th to 16th day 
from inoculation, as thought by Black, it appears from his control-insect data that the 
insects which fed all their lives on infected iilants contained an additional reservoir of 
Aims that had been aecumiilating directly from the infected plants as indicated by 
BaAvden, It appears that there is more to this problem than can be brought out in a 
brief discussion. Excessive condensing of subject matter in the book doubtless explains 
some of the author’s statements vAbich give rise to controversy. On page 76 the state- 
ment, ^4n published Avork there is no indication that vectors can ever infect healthy 
plants immediately after leaving infected ones,” is a case in point. In the the interpre- 
tations being discussed time is a very important element, the word ” immediately ” there- 
fore is not appropriate, for ^immediately” is without time, and obviously time is re- 
quired for all insect vectors to settle and begin feeding in a new location. 

In Chapter 7 the author gives a very good resumd of serological methods, and of the 
results obtained with reference to plant viruses. He favors the use of the serological 
properties in virus classification, and in Chapter 14, on the classification of viruses, he 
gives rather serious consideration to the idea that these properties should be accorded 
essentially a generic rank* 

Chapters 8 to 12 inclusive deal with the methods of virus purification, chemical and 
physical properties. The author has dealt with tliesc fields very effectiA^ely. HoweA^er, on 
page 140 he indicates that Mulvania in 1926 was the first to show ”that to])acco mosaic 
virus could be i)recipitated by protein precipitants and resuspended without losing its in- 
fectivity.” Mulvania ’s paper is not cited in the list of literature, but it seems probable 
that the paper referred to is the one published in Phytopathology 16, p. 583. This paper 
certainly does not support Bawden ’s statement. Miilvania used HCl, NaGl, NaOH, and 
glucose to determine their effects on the dializability of the virus through different grades 
of membranes, and he speculab^d on the possible protein nature of the virus, but ho did 
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not mention i)recipitatioii or resuspension of tlie virus. Vinson and Petre, mentioned onlv 
casually by Bawden, were the first to record this and to show that the virus can be studied 
effectively by chemical methods. Stanley was the first to obtain virus in reasonably pure 
form and in large quantities for intensive study, and Bawden and Pirie were the first to 
show that the virus is a par aery stalin nucleoprotein and not a crystalin globulin. Further- 
more, Bawden and his co-workers made important contributions in connection with the 
ultra purification of the virus. 

Chapter 13, on the physiology of virus-diseased plants, is rather brief. While the 
literature on this subject is not very extensive, a more extensive resume would have been 
welcomed. Chapter il, on virus classification, covers the important proposals advanced 
by other investigators, and the author expresses his own views on the subject quite frankly. 
He seems to favor a system of scientific naming rather than a system of numbering, and 
he looks with decided disfavor on host reactions as a basis for classification. Chapter 15, 
on the control of virus diseases, is very introductory. Here the author seems to be some- 
what out of his field. Chapter 16, on the origin and multiplication of viruses, is largely 
speculative. The author does not take the position that the viruses are definitely non- 
living chemical entities. This is especially significant when it is considered that he has 
been actively engaged in advancing the study of viruses by physical and chemical methods. 

This book contains much valuable information, and it should stimulate a critical view- 
point among virologists; for this the author deserves high commendation. — H. H. Mc- 
Kinney, U. S. Bureau of Plant Industry Station, Beltsville, Maryland. 

Baxter, D. W. Pathology in Forest Practice. 618 i>p., 232 figs. John Wiley and Sons, 

New York. 1943. Price, $5.50. 

The problems of pathology in forest practice are discussed in the aspect in which they 
present themselves to the forester in the nursery, the plantation, the forest, the park, and 
in industry. Consequently little attention is paid to the small details of taxonomy, my- 
cology, and etiology. Stress is placed on a working knowledge of the conditions which 
favor the development of various diseases and on the practical measures which can be taken 
to reduce their incidence or severity. 

After a discussion of the nature of a plant disease, the causal fungi are briefly de 
scribed. Emphasis is placed on the higher Basidiomycetes because they include the prin- 
cipal wood-destroying fungi. The various methods are given of determining loss and of 
making an appraisal of damage. Particular attention ’is given to critical relationships, 
such as (1) those of site and of cultural practice to the incidence of disease in the nursery, 
in plantations, and in the mature forest, (2) those of fungi and of certain other plant pests 
to disease in the mature forest, and (3) those of site and of care given shade and park 
trees to disease. Forest products are considered from the standpoints of decays, discolora- 
tion, stains, molds, and other defects. 

The publication of this book is particularly timely, because during the war devastating- 
inroads are being made on the nation ’s timber supply and because after the war many 
returned soldiers and war workers will find employment in extensive reforestation. Pro- 
fessor Baxter has assembled the information for those planning and directing the forestry 
programs so they can avoid costly and time-consuming errors. He has attacked a difficult 
problem in a masterful and authoritative way. 

The printing is excellent both of the text and of 232 illustrations. A large number 
of literature citations ai)pear at the end of each chapter. There is an excellent index. 

Among technical books on forestry this one will appeal to practical men. It is con- 
sidered indispensable for anyone who seeks to understand the conditions which favor tree 
damage by disease and with this information either to provide protection or to reduce the- 
severity of the injury. — A. J. Eiker, University of Wisconsin, Madison, Wisconsin, 



EBPORT OP THE FIRST ANNUAL MEETING OF THE POTOMAC 
DIVISION OP THE AMERICAN PHYTOPATHOLOGICAL 
SOCIETY, BUREAU OP PLANT INDUSTRY STATION, 
BELTSVILLE, MARYLAND, FEBRUARY 
23 AND 24, 1944 

The first annual meeting of the Potomac Division of the American Phytoi^athological 
Society was held at the Bureau of Plant Industry Station, Beltsville, Maryland, on 
February 23 and 24, 1944. 

Eesearch papers were presented on the mornings of February 23 and 24; the after- 
noon of February 23 was spent in discussing quarantine protection problems under the 
leadership of Dr. W. A. McCubbin; and a business meeting on the afternoon of February 
24 was followed by a discussion on Wartime Work in Plant Pathology led by Dr, E. J. 
Haskell. 

The following officers were elected: H. B. Humphrey, President; W. J. Zaumeier, 
Vice-President; T. F. Manns, Secretary and Treasurer; and H. P. Barss, Eepresentative 
on the Council. 

ABSTRACTS OF PAPERS PRESENTED AT THE FIRST ANNUAL MEETING OF THE POTOMAC DIVISION 

Some Virus Diseases of Alliums. Philip Brierley and Floyd F. Smitpi. Onion 
yellow dwarf is transmissible to and from wild garlic (AUmm vineale L.). Garlic 
mosaic from late or Italian garlic received from Oregon is transmissible to onion and to 
A. vineale hy sap and by Myzus persicae Sulz. Symptoms differ from those of yellow 
dwarf in both suscepts and the efficiency of transfer to onion is lower. Garlic mosaic in 
Spanish garlic has failed to transfer to healthy Spanish garlic, to A. vineale, or to onion 
in parallel tests by M, persicae. A mosaic of the ornamental A. neopolitanum Cyr. is 
transmissible to seedlings of this species by M. persicae, but not to onion in xiarallel tests. 
Aster yellows transferred from lettuce by Macrosteles divisus Uhl. induced yellowing and 
dwarfing in 3 of 10 Ebenezer onions in one trial, reproducing symptoms occasionally 
observed in field-grown onions that have been rejilanted in greenhouses for seed produc- 
tion. 

Tobacco Disease Control by notation. E. E. Clayton. Crop rotation exi>eriments 
on the control of soil-borne diseases affecting fiue-cured tobacco were conducted from 1926 
to date. The occurrence of the stem-rot and sore-shin diseases of tobacco, caused by 
SclerotUm rolfsii and Bhizoctonia solani, was not influenced by the cropping system. 
Continuous culture of selerotiuin-susceptible crops did not inerease tobacco stem-rot losses, 
nor did the use of immune crojis reduce these losses. The occurrence of root knot and 
bacterial wilt caused by Heterodera marioni and Bacterium solanacearum was much 
affected by rotation jiractices. The organisms did not react the same. Boot knot was 
effectively controlled by bare fallowing, while bacterial ■wilt was not. Again, once a 
field area was infected with wilt, successive crops of tobacco were uniformly and severely 
affected, while with root knot successive crops of tobacco i)lanted on the same area might 
range from severely to slightly diseased. Effective disease control by rotation depended 
on the use of immune and not resistant crops. Over a period of years the results secured 
Avith resistant rotation crops were not superior to those obtained wdth susceptible. Fusa- 
riiim wilt of tobacco, caused by Fusarium oxysporum var. nicotianae, appeared only where 
tobacco was grown in rotation with sweet potatoes. The time required at different loca- 
tions varied from 2 to over 10 years. 

Advances in Sugar-heet Seed Treatment. G. H. Coons and J. E. Kotila. Improved 
stands have usually resulted from treatment of sugar-beet seed balls with fungicidal dusts 
prior to planting. Finely ground mercuric chloride (in equal parts with copper carbonate 
and urea), mercuric iodide, 2 per cent Ceresan, New Improved Ceresan, and other organic 
mercury compounds were siqierior to copper carbonate or cuprous oxide for seed treat- 
ment. Two y)er cent Ceresan used in equal jiarts with copper carbonate f re(piently showed 
more effective and lasting protection against damping off than 2 p(*r cent Ceresan alone. 
Because of several factors, seed treatment for sugar beets, however, did not gaiii general 
adoption. Use of sheared sugar-beet seed in 1943 as sparse seedlings of the prevailingly 
single-germ seed units has revived interest in seed treatment because coinj)lete stands uni- 
formly, but sparsely, distributed in the row are essential for mechanized thinning. 
Treatments effective with whole seed have been equally effective with sheared seed. 
Arasan and Spergon, used as dusts, also are effective for treating sheared seed, the la|ter 

990 


1944] 


Potomac Division Meeting 


991 


requiring heavier dosage than the usual recommendations. To obtain precision in plant- 
ing sheared seed, pelleting of the seed is under trial. Standard pill-making techniques 
are used to coat the sheared seed in order to obtain a heavier seed unit, more uniform in 
size. Fungicidal treatments can be employed and nutrients and other substances can 
be added to the coating material, thereby increasing control of damping off. 

The Itesponse of Cantaloup-Cucumiher Grafts to Inoculation with Fusarium 'buThi- 
genum var. niveum /. 0. E. Cox. Cucumbers are not susceptible to the cantaloup 

wilt disease caused by Fusarium hulMgenum vqj. niveum f. 2. Grafted plants were used 
in order to determine whether, (a) cantaloup and cucumber plants growing on roots of the 
opposite species would respond differently to inoculation with this vascular parasite than 
plants on their own root systems, and also, (b) whether the shoots of one species would 
affect the susceptibility of roots of the other species. The following 4 types of grafted 
plants were prepared in the greenhouse: cantaloup scions on cucumber stocks, cucumber 
scions on cantaloup stocks, cantaloup scions on cantaloup stocks, and cucumber scions on 
cucumber stocks. The plants were grown in sand culture and watered with a nutrient 
solution. The roots of each plant were inoculated with 10 cc. of a macerated fungus mat 
from a liquid culture. The cantaloup-on-cantaloup grafts developed the symptom 
sequence characteristic of ungrafted plants. None of the cueumber-on-eueumber plants 
developed symptoms of the disease. In the plants composed of a cucumber scion on a 
cantaloup stock the stock developed typical symptoms and the scions withered and died. 
Cantaloup scions on cucumber stocks remained healthy. The extent of invasion of the 
parasite into the grafted plants was determined by culturing from various points both 
above and below the graft unions. The scion did not affect the susceptibility of the root 
stock to invasion by this fungus and the relative susceptibility of the scions was not 
altered by the susceptibility of the root stock. 

Fhytophthora Fragariae HicTcman and Methods of Testing Strawberry Plants for 
Mesistance, J. B. Demaree and W. F. Jeffers. Testing strawberry plants for resis- 
tance to red stele has formerly been done in naturally infested soil. In order to improve 
this method a new technic for determining resistance by artificial inoculation was de- 
veloped. The red stele organism is multiplied on Petri plates of lima-bean agar and the 
cultures are cut in small pieces and placed in water. Here zoospores are produced which 
are drained off and used as inoculum. Plants are grown in 2-inch pots and when sufficient 
new roots have grown are placed in a cool greenhouse. The plants are knocked from the 
pots, the bottom hole of the pot is plugged and 5 cc. of the zoospore suspension is added 
and the plant replaced. Susceptible plants show typical red stele symptoms in 2-3 weeks. 
Plants wliich do not become infected are reinoculated and if still resistant are set in 
naturally infested soil for fruiting tests. 

The Fungicidal and Phytotoxic Behavior of Some Selected Organic and Inorganic 
Copper Compounds as Belated to Weathering. M. 0. Goldsworthy. Copper malate, 
copper maleate, copper oxalate, copper citrate, copper tartrate, copper sodium polyphos- 
phate, copper silicate, cupric oxide, cuprous oxide, and basic copper sulphate were tested. 
When the residues were subjected to weathering for 2 weeks, during which the rainfall was 
scanty, the compounds were lethal to the conidia of Sclerotinia fructicola, generally in 
accordance with the initial ionic copper content of the residues. Initial solubility was 
not related to fungicidal effectiveness. In no case were the conidia capable of changing 
the initial solubility or availability. In a few eases only, changes in solubility or 
availability accompanied onset of rainfall. In tests to determine the phytotoxie effect on 
Elberta peach leaves, those compounds that were initially soluble (though not fungicidal) 
exerted phytotoxie effects regardless of onset of rainfall. These compounds, as well as 
those not causing injury before onset of rainfall, became much more injurious when 
precipitation occurred. This indicated that environment played a considerable part in 
solubilizing the copper compounds so as to cause or increase phytotoxieity, but had little 
effect on their fungicidal behavior. 

Virus Disease on the California Wonder Pepper in Delaware in 1943. J. W. 
Heuberger. Plants used were produced from two seed sources in plant houses used 
exclusively for peppers. In the field, those from one seed source averaged 54 per cent 
mosaic, whereas those from the other averaged less than 1 per cent mosaic. Since plants 
were set at the same time and fields were adjacent in many instances, chances for natural 
infection were equal. As no mosaic was reported in the plant houses, the striking differ- 
ence in percentage infection may indicate a differential susceptibility to mosaic infection 
in the field. A new virus-like disease was also present, characterized by a continuous yel- 
low discoloration beginning at the petiole and extending toward the leaf apex. These 
infected leaves readily fall from the plant. Fruits present at time of infection later have 
a yellow discoloration, often accompanied by pitting. Fruits formed after infection do 
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not develop. Plants from the same seed source with high mosaic infection likewise had 
high susceptibility to this tentatively named Yellow Leaf trouble. Culturing from all 
parts of infected plants yielded no causal organism. Preliminary transmission studies 
indicated that this trouble may be virus induced. 

Oedema of Cultivated Violet Identified as Seal. Anna E. Jenkins. Oedema 
or of sweet violet was first reported by B. T. Galloway in his ^ '^Commercial 

Violet Culture’^ (1889), which embodies the experience of Dr. Galloway and P. H. 
Dorset! in growing violets under glass at Garrett Park, Md. Decent examination of a 
specimen of the so-called oedema collected at Garrett Park by Galloway makes it seem 
certain that this actually represents what is now known as scab of violet caused by 
Sphaceloma violae Jenkins. Leaf symptoms are in general agreement with those of 
various specimens of the scab now available for comparison. Petiole lesions also cor- 
respond to those of violet scab, and scrapings from them show hyplial and conidial de- 
velopment of the Sphaceloma. The historic Galloway specimen is in the Mycologieal 
Collections of the Bureau of Plant Industry, Soils and Agricultural Engineering, where 
it was formerly entered in the '^Physiological Collection. ^ ^ At the time when the 
' ' oedema ^ ^ was giving trouble at Garrett Park, violet growers on the Hudson were con- 
tending with it, as the writer has been informed by a veteran violet grower. He has 
stated, also, as Galloway indicated, that conditions favoring the disease are poor ventila- 
tion, too much moisture, and cold. As previous reports show, the disease has been more 
or less widespread on native wild violets in the District of Columbia area ; in 1935 it was 
found in great abundance on a wild violet growing extensively in a, glade in Rock Creek 
Park, Maryland, i.e., in the same stream valleys as Garrett Pai’k. Galloway ’s account of 
' ' oedema, ^ ’ together with the specimen from Garrett Park, may now^ be construed as the 
first record of the Sphaceloma disease of violet. 

Ati Vndescribed Leaf Spot of Tift Sudan Grass. C. L. Lepabvre. This leaf spot 
was first found in 1939 by Dr. G. W. Burton in a greenhouse at Tifton, Georgia, on 
plants of common Sudan x Leoti sorghum (now Tift Sudan grass). Lesions on the 
leaves sent to the author varied considerably, the smaller ones being 0.5 to 1.0 mm. in each 
direction, while the larger ones measured up to 20 mm. in length and 2~6 mm. in width. 
The lesions were round to elliptical, the long axis parallel to the leaf veins, and oftentimes 
the spots seemed to be limited in their spread by the veins. Many of the lesions had 
coalesced so that comparatively large portions of the leaves were affected. The most 
characteristic features of the lesions, however, were the alternate light tan and darker, 
more narrow bands of tissue, resulting in a ringed or zonate appearance. Lesions were 
usually surrounded by a narrow reddish-brown border setting off* the affected area from 
the healthy tissue. Symptoms on Tift Sudan are strikingly similar to lesions on corn 
caused by Ilelminthosporium maydis. A species of E. el-mint hosporiiim was readily 
isolated from the lesions on Tift Sudan and when compared with E. maydis from corn, the 
former had spores averaging 61 p and thf latter 80 g long. No difference in width w^as 
observed but there was a striking difference in the number of septa in the spores of the 
two fungi. Spores of the Eelminthosporvwm from Tift Sudan averaged 4.75 septa, while 
those of E. maydis from corn averaged 7.7 septa. Since these differences were found in 
the spores taken either directly from the hosts or from cultures, it appears the fungus 
from Tift sudan is not E. maydis but an undescribed sjjecies of Eelminthosporium. Prom 
inoculation trials this fungus appears to be restricted to sudan grass. 

Fungicides for Controlling Bulb Scale Bot and as Carriers for Growth Substances in 
the Propagation of Faster Lilies. W. D. McClellan and N. W. Stuart. Bulb scales 
from some Easter lily cions are very susceptible to a rot caused by Fusarium oxysporum 
t. lilii Imle. Effective protectants are needed in scale propagation. The following 
materials have been tested in the greenhouses at the Plant Industry Station, Beltsville, 
Maryland: New Improved Ceresan (5 per cent ethyl mercuric phosphate), Spergon (98 
per cent tetrachloro-para-benzoquinone), Arasan (50 per cent tetramethyl thiuram- 
disulphidc), Fermate (ferric dimethyldithio-carbamate) , Zincate (zinc dimethyldithio- 
carbamate), and formaldehyde. Best results were obtained with Arasan. Spergon and 
New Improved Ceresan also afforded good protection. Formaldehyde injured the scales. 
Fermate and Zincate were relatively ineffective. There ’was gr(Uiter bulblet production 
and root and shoot development from the scales treated with Arasan than from those 
treated with New Improved Ceresan, Spergon, or formaldehydci. New Irnprovcal Ceresan 
inhibited bulblet formation and root development, but when the Arasan treatment followed 
Ceresan this inhibition was overcome. There were 300 scales in each treatment. The 
total bulblet production from those scales treated with Ceresan was 239; witli. Arasan, 
442; the Ceresan- Arasan combination, 494; and from the untreated cheeks, 273. This 
stimulation did not occur when Spergon was used with the Ceresau treatment. ‘When 
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Arasaii or Spergoii was substituted for talc as a carrier for the growth substances, 
naphthaleneacetic acid and indolebutyrie acid, bulblet yields were greatly increased. The 
highest bulblet yields occurred when Arasan was used as the carrier for naphthaleneacetic 
acid. Scales treated with this combination produced 503 bulblets compared with 337 for 
naphthaleneacetic acid combination, 410 for Spergon alone, and 273 for the untreated 
checks. 

Effect of Extracts from Cultures of Fusarkim eumartii on Different Varieties of 
Potatoes, M. A. Petty. Hot tap water (70^^ C.) was poured into 90-day cultures of 
Ftisariwm eumartii growing on sterilized whole oats. After 2 hours this aqueous extract 
was decanted. Half of this extract was steam-sterilized at 15 lb. pressure for 30 min. 
Excised vines of greenhouse-grown Irish Cobbler, Kasota, and President potatoes were 
placed in tap water (check), 50 per cent non-sterile extract in water, undiluted non- 
sterile extract, 50 per cent sterile extract in water, and undiluted sterile extract. Irish 
Cobbler vines in unsterilized extracts were noticeably wilted in 4 hours, while those of 
Kasota and President were unaffected. In 24 hours, only the few terminal leaves of 
Gobbler tops in the 50 per cent sterile extract w^ere unaffected; all other leaves of plants 
in the extracts had completely collapsed, excepting the checks, which were erect. There 
was only a slight interveinal wilting and browning of the lower one or two leaves of the 
Kasota and President varieties in the unsterilized extracts, otherwise they were unaffected. 
There was no wilting of either of these last two varieties until after 36 hours : however, by 
this time there was considerable bacterial activity in the solutions. Excised tops of 
Rutgers and Beefsteak varieties of tomatoes were not affected by the extract. 

Evidence of Hybridization between Physiologic Maces of Ustilago hordei in Passage 
through Host. V. E. Tapke. Seed of Odessa (C.I. 934) barley, highly susceptible to 
Ustilago hordei races 3 and 6, was inoculated with a mixture of chlamydospores of those 
two races in equal proportion. The content of physiologic races in 25 of the resulting 
smutted heads then was determined by inoculating differential hosts. Fifteen of the 
smutted heads contained only race 3, one contained only race 6, seven contained a mechani- 
cal mixture of both races, and two contained a different race callable of attacking varie- 
ties immune from race 3 or 6. This race appears to have resulted from hybridization. 
Further study has shoAvii that the synthetic race is not a, new one but produces reactions 
of the differential barley varieties similar to that of a naturally occurring race. A few 
of the further selections of the hybrid in later generations lost the capacity to attack 
varieties immune from race 3 or 6 but most of them have maintained it. 

Tobacco Anthracnose, a New Tobacco Plant Bed and Field Disease. E. A. Walker 
and Sarah W. McInroy. Tobacco anthracnose was observed as a leaf spot in commercial 
plant beds on May 24, 1941, near Waldorf, Maryland. The following year it was very 
destructive to tobacco plants in poorly drained soils. Diseased plants placed in fields con- 
tinued to develop symptoms under wet conditions. In the plant bed anthracnose was ob- 
served as a leaf spot, seedling blight, leaf midrib and petiole and plant stem cankers. In 
the field these symptoms extended as the plant grew and cankers were found on the,, 
branches of the flower head and on the seed pods. Anthracnose could be easily spread 
by means of contaminated seed. A ColletotricJmm sp. was consistently isolated from 
tobacco leaf spots and stem cankers and its pathogenicity for tobacco established. A 
Gleospormm sp. was also obtained from diseased tobacco plants and from sectors of Col- 
letotrichum sp. in culture. Spiral growth was observed with some strains of both organ- 
isms on some culture media. 

Studies on the Virus of Brome- grass Mosaic. H. H. McKinney. The end-point of 
virus activity in native extract is 10 min. when heated near 78.5^ C.; is near when 
diluted with water ; in dry leaf tissue at laboratory temperatures the end-point is beyond 
306 days. Grass hosts include wheat, rye, barley, oats, sorghum, Johnson grass, Sudan 
grass, teosinte, corn, and other annual and perennial grasses in 9 of the grass tribes. In 
corn seedlings (2-3-leaf stage), at high growing temperatures, the first signs appear 36 
to 40 hours after inoculation. The reactions consist of chlorosis, necrosis, and death of 
the host. In other grass hosts, the reactions range from carriers showing no visible symp- 
toms, through mild to severe chlorotic mottling and streaking. NTatural resistance in- 
creases rapidly as host plants age. The first leaves of garden bean var. Scotia develop 
small local necrotic lesions, the cotyledons of cucumber var. Early White Spine and the 
leaves of Samsun tobacco develop local faintly chlorotic spots and there is local increase of 
virus in each host. Experimental inoculations were accomplished by the carborundum 
wiping method. 
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SUMMARY OF THE PAPERS PRESENTED AT THE PLANT QUARANTINE SESSION 

Introductory Revieto. W. A. McCubbin. It is encouraging that in its first meeting 
the Potomac Division should include a session on plant quarantine problems, thus recog- 
nizing imderstandingly that pathologists as a national organization have a responsibility 
in the field of foreign disease exclusion as well as toward national welfare and progress 
in teaching, research, and extension. This helpful interest is welcomed by the quarantine 
administration and is needed now, not only in the solution of immediate and postwar 
quarantine problems, but in the broader field of future national planning which should 
aim to establish the best permanent barriers against foreign disease introduction that 
science can devise, public opinion will support, and administration can maintain. Patholo- 
gists can contribute vitally to the future of our national plant quarantine system, espe- 
cially in assuring that its various features rest on a sound biological basis. The na- 
tional system of protection against foreign disease introduction may be considered 
as logically comprising four lines of defense, — ^the effort to secure extensive infor- 
mation on foreign pathogens as a requisite to effective understanding and planning; 
adequate control over the importation of pest-carrying materials in all its phases; domestic 
survey arrangements which would promptly disclose unfortunate disease introductions; 
and internal organization to deal with such introductions by eradication, by domestic state 
or federal quarantine action, or by control measures. Such a protective scheme contains 
many perplexing elements deserving of careful and earnest study by pathologists. In 
addition to the four chosen for discussion at this session, the foreign plant quarantine 
relations of the following merit much thoughtful attention, — -nematodes; bacterial dis- 
eases; seed-borne diseases; foreign certifications; the importation of pathogen cultures; 
the value and limitations of inspection procedures; treatment possibilities; and the sig- 
nificance of races and strains of pathogens in the quarantine field. It is hoped that these 
and other aspects of the subject will come up for practical and profitable consideration 
in due course. 

Quarantine Protection for Basic National Crops. Howard P. Barss. Every en- 
lightened government is impelled to include among its essential functions quarantine 
activities that aim to keep out of the country destructive plant diseases and pests which 
do not yet occur there. This is an integral part of the job of protecting agriculture, the 
primary safeguard of every nation against want. The danger of disease and pest 
introduction is real. For example, many hundreds of diseases are known to occur in other 
parts of the world which, like the Andean buba disease of potato, the Japanese brown 
rot of apple and pear, and a number of virulent grain rust races, have not yet reached 
North America ; and everywhere nature is continually creating new strains of pathogens. 
Furthermore, disturbed world commerce coupled with expanded volume and speed of air 
trafide have tremendously increased the chances for disease introduction. Intelligent hus- 
banding of agricultural assets is vital to permanent national welfare and demands that 
in providing defense against foreign pests special emphasis be given to those crops on 
which the country depends most. Since many phases of national interest are involved 
and quarantine funds and facilities are limited, some logical way is needed to establish 
a priority for crops which deserve special protective effort. A method for estimating 
crop importance has been suggested to me by W. A. McCubbin. He proposes a rating for 
each crop based on a summation of values assigned in each of several graded factors, 
namely crop use (food, feed, manufacture, soil-building, condiment, etc.) ; range of cul- 
ture; quantity produced or money value; availability of domestic substitutes; and avail- 
ability of foreign supplies. An estimate of the national importance of a crop thus 
obtained would rest on a broad base of facts, but other important factors cannot be 
disregarded in determining practical quarantine priorities. Each crop must be considered 
from the standpoint of the nature of its foreign pests and the adequacy of information 
about them, the relative cost and effectiveness of applicable quarantine measures, the 
effects of such measures on trade, the interests of producers and dealers, and the extent 
of public support. Decision as to the quarantine course to be recommended for the pro- 
tection of any crop should rest primarily on a long-range view of the ultimate value of 
such a course to the country ’s agriculture. The decision will be modified, however, by 
the impact of such limiting factors as those just mentioned. Moreover, emphasis on the 
j)rotection of major crops should not bar the protection of minor crops and other plant 
life where this appears feasible and in the national interest. The problem of adequate 
plant quarantine protection calls for the fullest utilization of existing knowledge and the 
aid of intensified research to provide a basis for intelligent action. Information is needed 
not only on foreign pathogens as such — ^their geographic and host ranges, race variations, 
life habits, and ecological relations — ^but also on their possible means of entry, their 
ability to attack domestic varieties, and their amenablity to treatment. In this field plant 
pathology has an indispensable service to render and its participation becomes more and 
more important as the destructive potentialities of foreign plant disease introduction and 
the value of defense against it become more generally recognized throughout the world. 
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Emphasis on the Study of Foreign Diseases. NT. Bex Hunt. Emphasis on the study 
of foreign diseases must be increased, owing to their probable wartime spread and the 
increased risk of introducing viable pathogens by fast air freight, if we are to meet our 
needs for information in promulgating and modifying quarantines j in finding diseases 
on material offered for entry or as soon as possible thereafter; in treating incoming 
material to eliminate risk of introduction of new diseases ; in evolving eradication meth- 
ods for diseases gaining temporary establishment in spite of quarantine vigilance; in 
providing treatments for control when eradication is impractical; in determining in ad- 
vance of establishment of a foreign disease what the susceptibility of our commercial 
varieties and breeding stocks may be, so desirable resistant varieties may be supplied 
as promptly as possible when needed; in supplying data in advance of possible entry of 
a destructive disease of a major crop so agricultural planners may be prepared to main- 
tain adequate supplies from other sources and to provide substitute crops for stricken 
areas. As aids in studying foreign disease problems we have indexes to the literature ; 
the 600,000 records of diseases and insects found on incoming plant material are cross 
indexed by pathogen or pest, by host, and by country of origin and give a good idea of 
the types of pathogens and pests transported in commerce; and annotated lists of foreign 
diseases of important hosts are being prepared to supplement Stevenson’s Manual of 
Foreign Plant Diseases which is now out of date. Plans for postwar Agriculture are 
being discussed. Provision for all needed work on plant diseases should be an integral 
and coordinated part of the plans. 'With respect to the study of foreign diseases, con- 
sideration should be given to the following: (1) The possibility of cooperative prepara- 
tion and issuance in readily usable form of information already available regarding 
foreign diseases, and of keeping such information current. (2) Development of better 
coordination and wider use of correspondence and cooperative arrangements with foreign 
pathologists, with State Department representatives and with others abroad; of more 
effective arrangements for obtaining conferences with visiting pathologists from abroad; 
development of a general plan for stationing pathologists abroad temporarily, especially 
for the study of destructive diseases which cannot be studied here with safety and cannot 
be adequately studied through literature and by correspondence, in order that we may 
have these pathologists available for consultation here when needed; development of a 
comprehensive plan, in connection with the foregoing arrangements, for testing the reac- 
tion of American varieties and breeding stocks to foreign diseases. (3) Development of 
techniques to enable quarantine inspectors to detect foreign diseases, and of treatments 
to render incoming material safe for entry. At present most bacterial and virus diseases 
and thousands of fungous diseases in imported material are not determined, partly due 
to lack of techniques, partly due to lack of pure culture facilities; and for many foreign 
diseases no safe treatment is known to us. (4) Materialization of the plans made will 
require wholehearted public support based on a realization of the need for the work. 
Hence provision should be made for maintaining a constant and effective flow of infor- 
mation regarding the menace of foreign diseases, appropriate material to be supplied 
to agricultural, horticultural and gardening publications, to newspapers and magazines, 
to teachers in schools and colleges, to extension workers and any others needing it or 
able to use it effectively. 

The Froblem of Excluding Foreign Virus Disease. Lee M. Hutchins. Importation 
of living plants and parts from foreign countries is so intimately associated with im- 
provement in agriculture, horticulture, and other plant industries, that it cannot con- 
ceivably be discontinued to alleviate the hazard of introducing dangerous plant diseases. 
The problem before us therefore is to determine what practicable measures will provide 
the greatest protection against the entrance and dissemination of these diseases in view 
of a continuing commerce in plant commodities. Exclusion of foreign virus diseases 
presents one of the most baffling aspects of this whole problem, complicated as it is by 
rapid airways transportation, fresh material shipped under refrigeration, symptomless 
carriers, and difficulties of detection in bulbs, tubers, rootstocks, cuttings, and dormant 
plants. Quarantine agencies need our full cooperation. Safeguards to be considered in- 
clude: (1) knowledge of virus diseases occurring in foreign countries, to be obtained 
through literature, correspondence, travel and attendance at meetings, (2) appraisal of in- 
spection, control, and quarantine methods as practiced abroad, and of relative hazards 
through plant shipments from, the different countries, (3) stationing one or more of our 
pathologists at strategic locations abroad, to become familiar with virus diseases and keep 
us informed on current developments, (4) by cooperation with foreign governments and 
experiment stations, growing in foreign countries native American species of valuable 
trees and other plants and thus determining the diseases to which they are susceptible; 
in this way finding virus diseases dangerous to our species, before they reach our shores, 
(5) fumigation to free imported material of possible insect vectors, (6) evaluation of 
heat treatments and other methods of inactivating viruses in imported material, (7) de- 
tention and observation of questionable material under controlled growing conditions in 
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the United States before release, (8) prohibiting entry of certain material, where hazard 
of introducing a dangerous virus is known to be great, (9) through federal and state 
cooperation, inspection of imported plants where they are being grown in the United 
States, (10) inoculating the same or related species in America with inoculum from im- 
ported material, where this is warranted, (11) organizing virus symposia at national and 
international meetings of pathologists, and disseminating useful information on foreign 
virus diseases. An enormous reduction in importation of living plants, occasioned by 
world war, furnishes an unusual opportunity to improve protective measures against 
foreign diseases, for application at the cessation of hostilities and the resumption of 
normal commerce. 

The Fossihilities of Detention Procedures in the National Quarantine Beheme. E. 
Kent Beattie. Imported plants now spend but little time in transit to America. In the 
days of the sailing ship, weeks ensued, but the airplane has brought us to within 60 hours 
of the farthest parts of the world. The danger of the introduction of plant disease organ- 
isms in a living condition on imported plant material has correspondingly increased. In 
many countries, the plant diseases are entirely unknown. Commerce with* these is rapidly 
increasing. Foreign inspection and certification, inspection, fumigation, and treatment 
of plant material at the port of entry are beneficial but only partially meet the danger. 
The port of first arrival for an airplane may be far* within the interior of the United States. 
Many disease-producing agents are concealed in the tissues of the host with no external 
symptoms at the time of importation. They are out of reach of inspection and treatment. 
Especially is this true of such diseases as the Dutch elm disease, persimmon wilt, and some 
virus diseases when carried wuthin the tissue of a resistant host. Whmi a new disease 
enters it may destroy an established American crop or forest tree, or if controlled it may 
add greatly to the difificulty or expense of growing the crop or tree. Safety can be ob- 
tained only by growing introduced plants under control and observation until danger is 
past. This means reducing the quantity imported to the absolutely essential material and 
supplying adequate facilities for growing the imported plants isolated from American crop 
areas. Such isolation is already an established procedure in the control of animal and 
human diseases. 


ABSTRACTS OF PAPERS ACCEPTED FOR PRESENTATION AT 
THE THIRTY-SIXTH ANNUAL MEETING OP THE SOCIETY, 
CINCINNATI, OHIO, DECEMBER 9 TO 11, 1944 

JPhysiological Maturity in Belation to Alternaria Blight in the Tomato. Barkatt, 
B. W. AND M. G. Eichards. Investigations show that all tomato varieties and breeding 
lines now available are susceptible to Alternaria solani when tested under conditions 
favorable for infection. Experiments over a three-year period to investigate differences 
in field defoliation show that the extent of defoliation of a tomato plant from Alternaria 
solani is related to the physiological maturity of the plant. Emit to leaf quotient and 
period of yield are two of the major factors causing physiological maturity of the tomato. 
A relationship, which can be shown graphically, exists between the period of yield and 
period of defoliation regardless of variety. Early varieties, or early plantings of a 
variety, defoliate early because their periods of yield are early. The fruit load of a plant, 
as expressed by the fruit to leaf quotient, is correlated directly with defoliation, as shown 
in an experiment involving 16 varieties having a wide range in fruit load. The change in 
fruit to leaf quotient was followed during the season on four varieties by weekly samples. 
The data show that this quotient bears a relationship to the degree of defoliation in each 
variety. This relationship has been shown graphically. 

The Use of JEradicant and Blossom Sprays on Sour Cherry in the Control of Brown- 
rot Blossom and Spur Blight Incited hy Selerotinia laxa Ader. and Buhl. Calavan, E. C. 
Brown-rot blossom and spur blight of Early Bichmond cherries has been controlled effec- 
tively in experiments in Door County, Wisconsin, during the past 2 years by the applica- 
tion shortly before budbreak of a copper-lime-monocalcium arsenite and fish oil, 3-2-2- (11 
pints fish oil) -50 eradicant spray, supplemented in early bloom by a protectant spray of 
Bordeaux mixture, 3-4-50. During the wet spring of 1943 this 2-spray program reduced 
the amount of total spurs blighted to 0.5 per cent, whereas check trees had 52.7 per cent 
spur’s killed. Less satisfactory control was obtained by the use of either the dormant or 
the blossom spray alone. Indicated reductions in percentages of total spurs blighted 
were : for trees receiving the dormant spray only, 97.5 ; the blossom spray only, 82.1 ,* and 
both sprays, 99.1. In 1944 the absence of infection periods until most petals had fallen 
resulted in a small amount, 2.8 per cent, of spurs blighted on check trees. Under such 
conditions the disease was checked 50 per cent by the dormant spray alone, 60 per cent 
by the blossom spray alone, and 92 per cent by the application of both sprays. 

Wetwood of Elm in Illinois. Carter, J. C. Wetwood of elm, under investigation 
in Illinois since 1939, has been shown by inoculation trials to be caused by an undescribed 
species of Erwinia. This bacterium has been derived consistently by cultural methods 
from the diseased trees studied. It produces gas by fermentation in the infected wood, 
with the development of abnormally high pressure in the trunk. The fermentation is ac- 
companied by an accumulation of sap in abnormal amounts in the infected wood. The 
gas pressure, which may reach 60 lb. per square inch forces this sap out through branch 
cuts, crotch cracks, and other injuries, and produces what is commonly called flux. Sap 
in affected tissues is toxic; it causes foliage to wilt when it moves into the twigs, and 
produces a gray brown internal streaking in the current wood of branches through which 
it moves. Wilting and streaking can be confused with Verticillium wilt symptoms. Gas 
produced by fermentation in naturally infected trees contains approximately 46 per cent 
methane, 34 per cent nitrogen, 14 per cent carbon dioxide, 5 per cent oxygen, and 1 per 
cent hydrogen. 

Chemical Treatments in Tobacco Seedbeds. Chamberlain, Donald W. Better con- 
trol measures are being sought for blackfire, wildfire, and damping-off in tobacco seed- 
beds. Experiments were continued at the Wisconsin Station in 1943 and 1944 with a 
number of different chemicals. Bordeaux mixture (3-4-50) has continued to give the best 
results, controlling both wildfire and damping-off 95-99 per cent. Home-mixed Bordeaux 
generally has given better control of wildfire than did the two popular brands of commer- 
cially prepared Bordeaux tested, although the latter satisfactorily controlled damping-off‘. 
Weekly treatments, beginning before the plants were above ground, were more effective 
than less frequent applications. Yellow cuprocide (If Ib.-lOO gal.) controlled damping- 
off when applied as a weekly plant treatment or when mixed dry with sand (f Ib.-iOO lb. 
sand) and spread over the soil surface. Soil treatments, using Bordeaux powder, cuprous 
oxide, and Eermate, mixed dry into the soil before seeding, generally were unsatisfactory. 
Eermate, when applied before emergence of the plants, reduced stands in the seedbed. 

A Brown Leaf Spot on Bromus inermis Leyss. caused by Pyrenophora bromi (Died.) 
Drechsler. Chamberlain, Donald W., and J. Lewis Allison. Pyrenophora bromi 
causes a severe brown leaf spot on smooth brome grass in Wisconsin. The disease appears 
• ■ 997 ■ 
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early in the spring and develops best during moist, cool weather. Initial spring infection 
is by ascospores matured in early spring in perithecia formed on leaf blades of the host 
the previous summer. Conidia of the imperfect, or Helminthosporiiim hromi, stage of 
the fungus are produced sparsely during spring and summer but do not survive the winter 
and are the least important stage in the life cycle of the fungus. Optimum temperature 
for ascospore germination is 20° G., and for conidia 28° 0. Perithecia bearing mature 
asci were produced in culture on potato-dextrose agar with either mono-conidial or mono- 
ascosporie isolates when incubated at 10° C. for 3 months. Inbred lines of smooth brome 
differ markedly in reaction to this leaf spot at Madison, indicating that selection and 
breeding offer a method of control. (Cooperative investigations between the Division of 
Porage Orops and Diseases, U. S. Department of Agriculture and the Wisconsin Agricul- 
tural Experiment Station.) 

A Lethal Virus of Guar (Cyamopsis psoraloides DO.). Chester, K. Starr, afi> W. 
E. Cooper. A necrotic, lethal virus disease was found causing an estimated 75 per cent 
loss in an experimental field of guar in Oklahoma. Symptoms appear in 6 to 14 days and 
comprise vein-clearing, sometimes a faint oak-leaf pattern, rolling, wilting, early stipple 
necrosis, and abscission of young leaves, terminal necrosis, necrotic stem lesions, yellowing 
and abscission of older leaves, marked stunting of growth, and ultimate death. Occa- 
sional plants show abatement of symptoms, following non-lethal necrosis, with mottling, 
leaf distortion, and stunting. In beans the virus causes systemic necrosis, but it differs 
from bean virus 4 in that it infects cowpea, soybean, mung bean, and petunia, and from 
tobacco ring-spot virus in not infecting Nicotiana glutinosa and in the type of symptoms 
produced on A. tdbaemn and i)etunia. The virus is transmissible mechanically, although 
not with perfect regularity. It is not destroyed by field temperatures of 42°-45° C. 
during many days, but the disease becomes masked in hot weather, and in the fall there 
is a spectacular return of symptoms. Natural infection of 0.1 per cent increases to 100 
per cent in a few weeks. 

Fusarkm Seed-piece Decay of Potatoes. Cunningham, H. S. Many potato growers 
on Long Island have sustained serious losses because of seed-piece decay caused by Fusa- 
rkm. Preliminary work indicated that the trouble was confined to seed stock o^btained 
from one section and also, possibly, to one species of Fusarimn. In 1944 seed-piece de- 
cay was found in lots of seed stock from two large seed-producing areas, and it now 
seems certain that two or more species of Fusarium can cause this trouble. The usual 
recommendation of curing seed pieces at high temperature and high humidity provides 
ideal conditions for growth of these Eusaria. Dnder such conditions the seed pieces can 
become 100 per cent infected and worthless for planting purposes. Seed treatment has 
been effective in reducing the number of infected seed pieces. 

Effect of Nutrient Levels and Temperature on the Development of Puccinia graminis 
iritiei. Darley, Eulis E., and Helen Hart. In wheat seedlings grown at low nutrient 
levels and inoculated with Puccinia graminis tritici a marked chlorosis accompanied uredia, 
sporulation was poor, and infection types were relatively low. At high nutrient levels 
there was almost no chlorosis, sporulation was good, and infection tyx^es were relatively 
high. In adult plants, a high nutrient level delayed maturity 1 to 3 weeks but scarcely 
affected reaction to stem rust. Mycelial development and sporulation in seedlings were 
best at 85° E., and poorest at 65° E. Both seedlings and adult plants of one of the 
Kenya wheats were susceptible to several races of stem rust at 85° E., but were resistant 
at 72° and 65° E. Newthatch seedlings were flecked by race 17 at 85° E. but seemed 
immune at 72° and 65° E. 

Preliminary Beport on a Potato Disease Closely BesemUing Fusarium Wilt. Darling, 
H. M. AND E. H. Larson. During the past two years a striking and unusual potato 
disease lias been under observation in Wisconsin. The first symptoms appear during the 
first part of J uly as an inward rolling and leathery texture of the lower leaves, followed 
by chlorosis. Early affected plants become rigid, most of the leaves roll inward, often 
turn brown, and die prematurely. Severe vascular browning of the lower stem may extend 
to the third node. Vascular browning of the roots and stolons is common. Tuber set on 
infected plants does not appear to be affected. A few tubers in a diseased hill become 
dull and abnormally soft and flabby, while others remain firm and bright. Axillary aerial 
tul)ers, tuber and stem necroses, excessive pigmentation, and resetting were not of,>served. 
It does not appear, however, that the last two growing seasons have b{ 3 en such as to cause 
atypical symptoms of those wilt-producing Eusaria described in the literature. 

Growth and Overwintering of Xanthomonas vesicatoria in Association with Wheat 
Boots. Di'achun, Stephen, and W. D. Valleau. Previous reports from this laboratory 
have demonstrated that B. tahaeum and B. angulatum can form colonies on wheat roots, 
and can overwinter in soil, apparently in association with roots. In an extension of these 
studies Xanthomonas vesicatoria^ X. phaseoU var. sojense, and Bacterium medicaginis rar. 
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phaseolicola were found to form colonies on the surfaces of roots of wheat seedlings, 
and to a lesser extent on tomato, bean, and soybean roots. Also, X. vesicatoria was recov- 
ered from the roots of wheat plants growing out of doors in unsterilized soil infested with 
the organism. The soil was inoculated November 10, 1943. The bacteria were recovered 
in each of 5 trials between December 13, 1943, and March 14, 1944, but not on April 14. 
Individual plants were dug, the roots were w^ashed in running tap water, crushed in water, 
and poured on the lower surface of water-soaked tomato leaves. Presence of the bacteria 
on the roots was revealed by development of leaf spots on the inoculated leaves. X. 
phaseoU var. sojense and B. medicaginis var. phaseolicola were not recovered during this 
period from roots of similar wheat plants growing in soil inoculated with these organisms. 

Boil Treatment with Sodium Belenate for Control of Foliar Nematode of Chrysanthe- 
mums, Dimock, A. W. Excellent control of the foliar nematode disease of chrysanthe- 
mums was obtained by treating the soil with water solutions of sodium selenate. Six 
healthy cuttings, variety Yellow Fellow, were planted in each of 24 flats of composted 
soil on May 28, 1944. Twelve flats were given 25 parts sodium selenate per million of soil 
on June 8, and 6 of these were given 25 ppm. again on June 16. No further treatments 
were made. Inoculum, consisting of fragmented infected leaves, was distributed over the 
surfaces of all treated flats and 6 of the untreated flats immediately after making the 
June 8 treatment. All flats were watered overhead frequently until removed f or examina- 
tion on September 25. Superficial examination showed heavy and unmistakable infection 
in all 36 plants of the untreated, inoculated series, in only one plant of the 25 ppm. 
series, and in none of the 50 ppm. series. Infection had obviously spread to 3 flats of the 
untreated, uninoculated series. All plants of the 50 ppm. series showed considerable 
selenium injury of the lower foliage and some stunting, but the plants of the 25 ppm. 
series showed only slight selenium injury and little or no stunting. 

Light, Droughty and Beat as Factors in Cotton Boll-Shedding, Dunlap, A. A. The 
shedding of immature cotton bolls has long been recognized as a menace in obtaining 
maximum yields. Experimentally, shedding has been most readily caused by subjecting 
plants in actively-fruiting stages to periods (2 to 5 days) of low light intensities (50 to 
2500 foot candles). Continuous wilting of plants for a few days also has resulted in ex- 
cessive shedding, although frequent brief periods of wilting have not been elective. In 
addition, high daily temperatures above 100° F. have caused high rates of shedding. 
Association of these factors with low rates of photosynthesis has been ascertained by 
chemical analyses of leaf tissues. Certain varieties of upland cotton have shown consider- 
able resistance to inadequate light effects, which predispose the plant to shed its fruiting 
forms. 

Comparative Studies of Basldiospore CuUtires of Uhisoctonia solani, Exner, Bea- 
trice, AND S. J. P. Chilton. It has been possible with certain tissue cultures of EMsoc- 
tonia solani to produce basidial mats under relatively controlled conditions. The fungus 
is grown in flasks of potato-dextrose broth for about ten days, after which the mycelial 
mat is washed in distilled water and placed in a small Erlenmeyer flask with rooted cut- 
tings of Alligator weed (Alternanthera pMloxeroides) , Sufficient water is added to main- 
tain the cuttings and the humidity. Basidial mats form on the surface of the stems. 
Single basidiospore cultures isolated from these mats differ in rate of growth, size and 
shape of sclerotia, and in color. As many as 30 distinct cultural strains have been iso- 
lated from a basidial mat formed by one of these 'cultures. In limited tests no basidial 
mats were formed by single basidiospore cultures growing alone or paired in various 
combinations. These results indicate that the fusion nucleus presumably forms in the 
basidial stage of B. solani, is heterozygous, and that new strains can arise by segregation. 

Temperature Inhibition of Storage Development of Net Necrosis and Stem-end 
Browning’^ of Maine Fotatoes of the Green Mountain Variety, Folsom, Donald. In 
Northeastern Maine wheie Green Mountain potatoes are harvested as soon as possible 
after maturity, net necrosis (from current-season leaf -roll infection) and stem-end 
browning’^ (cause* undetermined) noimally develop only in storage. Their development 
is maximum and most rapid at about 45° to 50° F., at which temperature the peak usually 
is reached in 60 to 90 days, and is not influenced by relative humidity. The optimum and 
maximum temperatures are somewhat higher for stem-end browning than for net necrosis. 
Development does not occur or is greatly reduced, even at optimum temperatures, if the 
storage temperature is first held for 60 days at 70° F., which is above the temperature 
range, or for 30 to 60 days at 32° to 36° F., which is near the lower end of the tempera- 
ture range. This effect decreases progressively with shorter periods of exposures to the 
extreme temperatures and as the temperatures approach optimum for necrosis. 

Fotato Eesistanee to Leaf Boll Folsom, Donald, and F. J. Stevenson. In south- 
western Maine, with leaf -roll plants of a commercial variety always in adjacent rows, 
70 to 90 per cent of 8,586 seedlings tested in the six years from 1938 to 1943 acquired the 
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disease in one year, as evideiieed by symptoms appearing the following year. Similarly 
exposed healthy plants of the Chippewa and Green Mountain varieties had respectively, 
85 and 50 per cent leaf roll on the average ];)ei* year. Among the 5,518 seedlings intro- 
duced from 1938 to 1941 inclusive, only 21 are left, most of w'hich are from the cross 
Imperia X Earlaine. These 21 have remained practically free of leaf roll. Leaf -roll in- 
fection has been the basis for elimination of most of the others. When several of these 
apparently resistant seedlings were crossed with good commercial varieties, the resulting 
seedlings generally were more vigorous than the resistant parent, and considering all 
crosses for which they were used, only 55 per cent of these contracted leaf roll in the 
first year of exposure. It seems possible to produce commercially valuable new seedlings 
resistant enough to leaf roll to avoid severe field spread of the disease. 

Control of Calotage Mildew 'by Means of Bensene "Fapor, Eosteb, IT. H-, and J. A. 
PiNCKABD. The production of cabbage seedlings for the early crop in Mississippi fre- 
quently is limited by Beronospora parasitica. Benzene vapor applied to experimental 
seedbeds resulted in an average of 256 seedlings per square foot ; untreated beds produced 
an average of 158 plants. The average length of treated seedlings was 4.9 inches and 
of the untreated, 2,8 inches. Losses from undetermined root and stem rots continued to 
develop in the untreated plants. The most effective treatment consisted of nightly ap- 
plications of 50 ec. of benzene applied to each cotton ball weighing 15 grams and sus- 
pended in the seedbed, one ball per 2 square yards. Wet seedbed covers having a thread 
count of 48 by 44 were used. Treatments were begun 36 hours after inoculation and con- 
tinued from November 24 to Lecember 28. Significantly effective control was obtained 
also after mildew appeared in farm beds using 50 ec. of benzene per square yard, three 
nights each week until the fourth true leaf developed. After the conclusion of the treat- 
ments and following cold w^et weather mildew appeared in epidemic form, indicating the 
necessity of continued treatments until plants are set in the field. 

Predisposition of Tomato Plants to Ftisarium Wilt. Eostee, Robert E. Under con- 
trolled conditions, using the dip -method of inoculating tomato plants with Fusarium oxy- 
sponim Sehl. f. sp, lycopersici (Sace.) S. & H., predisposition to development of wilt 
was brought about by several environal factors. In plants grown prior to inoculation at 
soil temperatures near the optimum range for growth (20°-28® 0.), wilt developed more 
severely than in plants grown at lower or higher soil temperatures, regardless of the soil 
temperature maintained after inoculation. Wilt developed more severely in plants grown 
prior to inoculation in dry soil than it did in those grown in saturated soil or in soil with 
an optimum moisture content. Those plants grown in a short day prior to inoculation 
had a greater degree of wilt development than did those grown in a long day. Age of 
tomato plants at the time of inoculation had little or no effect on the subsequent develop- 
ment of wilt over the range tested (10-50 days old when inoculated). 

Electrophoretic Studies with fhe Plant Viruses. Prampton, Vernon L., and Wil- 
WAM N. Takahashi. Leaf extracts obtained from healthy tobacco plants with ordinary 
buffers contain three proteins, as evidenced by the scanning patterns obtained with the 
Longsworth apparatus, and neither the concentration nor the chemical nature of these 
normal proteins is altered, so far as one can determine, by infection of the plant with 
tobacco-mosaic virus, the potato X and Y viruses, a latent potato virus obtained from the 
potato variety Katahdin, with James Johnson ^s cucumber mosaic No. 1, or Price hs indi- 
cator strain to cucumber mosaic. Two proteins are extracted from the common bean and 
these likewise are not influenced on infection of the plant with the common bean mosaic 
or Kaumeyer^s bean virus No. 4. The scanning patterns of the tobacco plant and potato 
tubers are not influenced by age in the time interval studied. In the instances of each 
of the viruses indicated, an abnormality appears in the patterns obtained from the in- 
fected plants and the location of the abnormality in the pattern in each case is corre- 
lated specifically with the virus in question. The appearance of the abnormality in the 
pattern of tobacco mosaic virus in tobacco plants is correlated in time with the appear- 
ance of the symptoms in the plant. The scanning patterns obtained with the tobacco, 
tomato, and potato plants are similar and are distinct from those obtained with the bean 
or/;uciimber. 

Phylogenetic Itelationsidp of ike Xinc Kuoum Leaf -hopper Vectors of Pierce’s Dis- 
ease of Grape. PaAzlEJt, Norman W. Thr(^<^ s[»ecies of leaf hoppers, Dracculaoephala 
minervn Ball, Carnt'ocephala fulgida Nott., and XroJcoJla circellata (Baker), have previ- 
ously been r(‘port(‘d to transmit the virus causing Pierce ’s (lis(*ase of gnipe. More recent 
work has shown that 6 arlditioiial species of leaf ho]>pers, (Uinu'ocephala irigntlala Nott., 
Helochara delta Oman, Neokolla gothica (Hign.), A. conflncns (IJhler), N. heiroglyphica 
(Say), and (Juerna occidentalis Oman and Beamer, also are able to transmit the virus. 
All 9 species are contained in the single subfamily Amblycephalinac, ineml)ers of which 
are commonly known as sbar})sh()oters. Every species of this subfamily thus far tested 
has ]>rov(‘d to be a, vector of the virus. Many spe(ies of leaf hoppers in other subfamilies 
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have been tested and not one has proved to be a vector. The present evidence strongly 
! suggests that a phylogenetic relationship exists between the Amblycephalinae and the 

I ability to transmit the virus. 

A TyiMaceoiis Stem-end Rot of Potatoes. Goss, It. W., and J. H. Jensen. ^ In the 
1943 potato crop a tuber rot was found with symptoms similar to those described for 
^Geak^^ except that the rot usually occurred at the stem end instead of centering around 
wounds and usually was present when the tubers were dug. A pythiaceous fungus was 
isolated, which, when added in a water suspension to soil in which potato plants were 
growing, infected roots, stems, stolons, and tubers. Some tubers were completely rotted 
when dug and others had ^^leak^^ symptoms at the stem end ascribable to infection from 
the stolon. Infection resulting from soil inoculation was greater at 22° than at 30° C. 
and with high rather than low soil moisture. Isolates tested by wound inoculation of 
tubers produced a rapid rot at 20° to 30° C. The maximum development of the rot was 
at 25°, whereas only a slight amount of rotting occurred at 5° to 10° and at 35° C. 

Influence of Rate, Depth, and Time of Planting Spring Wheat on the Incidence of 
Root Rot. Geeaney, P. J. Field experiments to determine the effect of rate, depth, and 
date of seeding spring wheat on the incidence of root rot caused by Kelminthosporium 
sativum and Pusarium spp. were made at Winnipeg, Manitoba, from 1936 to 1943. In 

! 1930, 1937, 1938, and 1939, plantings of wheat were made at 4-day intervals during May 

and early June (10 plantings). Each year the effect of planting time on plant emergence, 
yield, and incidence of root rot was constant, the severity of seedling blight and root rot 
increasing and percentage of plant emergence and yield decreasing with lateness of plant- 
ing. In experiments from 1939 to 1943 root rot severity increased with thickness and 
depth of planting. Further work is necessary to elucidate the factors responsible for 

( variations in the incidence of root rot in relation to rate, depth, and time of planting 
under local conditions. Soil temxDerature and moisture are of outstanding importance, 
influencing both yield and root-rot development. In the meantime, planting spring wheat 
not too thickly or deeply, and at the earliest feasible date, is evidently a practical method 
of reducing losses from common root rot in Manitoba. 

The Balance of Calcium and Potassium in Relation to Chib Root of Cabbage and 
Potato Scab. Geies, George A., James G. Horsfall, and H. G. M. Jacobson. The 
calcium-potassium ratio as applied was varied widely at three different pH levels, acid 
[with CaS 04 ], medium [with CaCO^], and alkaline [with 0a(0H)2]. The same experi- 
mental design was used on two fields, one sandy, the other loamy. At any given Ca-K 
ratio, both club root and scab followed the expected relation to pH. In both fields and 
for all Ca sources, scab increased as the Oa-K ratio was reduced by increasing the K and 
holding the Ca constant. This occurred although the pH remained constant within each 
Ca series. After reaching a peak, scab declined with a further decrease in the Ca-K ratio 
effected by holding the K at a high level while decreasing Ca. This decrease in scab 
occurred either at a constant pH or in a range where scab might have been expected to 
increase. In the low-K sandy soil, the peak was at a higher Ca-K ratio than in the rela- 
tively high-K loam soil. Except at very high Oa-K levels, the curve for club root ran a 
mirror image to that for scab which suggests that the effects of the Ca and K balance 
are inverse with the two diseases. Probably one of the effects of pH is to alter the Ca-K 
! ratio by altering the Ca-ion concentration in the soil. 

Soil Treatments and Apple Replant Survival in Xylaria mali—Infested Locations. 
Groves, A. B. Black root rot of apple is widely distributed throughout the Cumberland- 
Shenandoah fruit-growing region and is a major factor in tree loss. The survival of 
replants made in locations from which diseased trees have been removed is too low to 
•r justify such replanting. Soil treatments have been resorted to in an attempt to improve 

the chance of replant survival during the critical early years in the life of the tree. Obser- 
vations of replants growing in treated locations have now been completed for 7 seasons. 
A carbon bisulfide treatment appears most promising to date, with manure perhaps the 
poorest. Eesults with urea and chloropierin treatments show promise but cannot be con- 
sidered more than preliminary. Eesults with other treatments are less indicative. 

Compatibility of Organic Pungieides and Summer Oil. Groves, A.B. There is a 
most pressing need for a fungicide compatible with summer oil for use on apples where 
the use of an ovicide is regarded as essential to codling moth control. The standard 
sulphur and copper fungicides available are either not compatible with oil or are unsafe 
at the season required. Organic fungicides have been used on the York variety both prior 
to, and in combination with, summer oil. When used in combination, severe injury re- 
sulted with Compound 604, moderate injury with He-175, and light but characteristic 
injury with Chloranil and Puratized JSTSX. No injury resulted with Compound 341 or its 
hydrochloride form, or with Fermate. The 10-day-old residues of all organic materials 
proved compatible with subsequent oil applications. 
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Tests with New Organic Fungicides 07 i Orchard Fruits. I-IamiltoNj J. M., D. H. 
PALMITER, AND G. L. MACK. McIntosh trees sprayed with Puratized N5X, I pt./lOO, had 
2 per cent seahhy fruit as against 22, 24, and 44 per cent for Isothan Q15, 1 pt./lOOj 
Fermate, 1-100 ; and Micronized sulphur, 5-100, respectively. Puratized N5X has the 
eradicative property of lime^sulphur without causing visible injury. It did not control 
cedar-apple rust. Q15 is also eradicative. It gave excellent control of brown rot on 
sweet cherries. Apparently because of poor tenacity, Q15 did not adequately control 
cherry leaf spot, sooty blotch and leaf blight of pear, and cedar-apple rust. Experiments 
on potted apple trees in the greenhouse corroborate the field data. Puratized N5X and 
Q15 are fungistatic, with moisture and the time element as factors in their effectiveness. 
Dithane alone is somewhat comparable to Fermate for control of apple scab and cedar- 
apple rust. Unlike Fermate, it did not control peach leaf curl or brown rot on sweet 
cherries. Dithane is incompatible with lead arsenate and nicotine sulphate. The arseni- 
cal mixture severely injured Cortland foliage, russeted McIntosh fruit, and defoliated 
Montmorency cherries. Dithane added to a zinc sulphate-lime mixture is more effective 
and compatible with lead arsenate. Indications were that Dithane, J-100, added to a zinc 
sulphate-lime mixture, 1-|-100, will control cherry leaf spot. 

delation of Physiologic Races of Puccinia graminis tritici to Wheat Improvement in 
Southern Mexico. Harrar, J. G., W. Q. Loegering, and E. G. Stakman. In physiologic 
race surveys of Puccinia graminis tritici made in Southern Mexico for 12 years, only races 
38, 59, and 19 have been sufficiently prevalent to be of practical importance. Although 
these races have been generally distributed, there has been some localization in prevalence 
within the region. Paces 56 and 17, which are very prevalent in Northern Mexico and 
the United States, have been found only occasionally in Southern Mexico. During the 
past two years many wheat varieties and hybrid lines have been tested under epidemic 
conditions near Mexico City. As would be expected, Marquis and certain other varieties 
that are completely susceptible in the spring-wheat region of the United States were 
highly resistant to stem rust. Rival, Newthatch, Regent, Renown, Pilot, Mida, and cer- 
tain other varieties recently produced in the United States and Canada were almost free 
from stem rust and highly resistant to leaf rust, but all matured two or three weeks later 
than certain early but very susceptible commercial varieties commonly grown in Mexico. 
Appropriate crosses, therefore, are being made to combine earliness with rust resistance. 
(Cooperative investigations between the Secretaria de Agricultura y Fomento de Mexico, 
the Rockefeller Foundation, the U. S. Department of Agriculture, and the Minnesota 
Agricultural Experiment Station.) 

Varietal Variation arid Inheritance Studies on Natural Water-soaking in Tobacco. 
Heggestad, Howard E. Natural water-soaking in several foreign, domestic, and local 
varieties of tobacco was compared under moist-chamber and outdoor-seedbed conditions. 
The percentage of plants water-soaked varied from 100 to 8 j and a score, based on leaf 
area water-soaked, varied from 2.36 to 0.09. Crosses between several susceptible and 
resistant varieties indicate that resistance may be partially dominant in the Fi. The Fg 
and Fg generations clearly indicate segregation of genetic factors. Some Fg lines ap- 
proach the resistance and the susceptibility of the parents. The inheritance of natural 
water-soaking appears to be governed by multiple factors. Water-soaked plants in several 
series of tests were atomized lightly with the wildfire organism. One moist-chamber test 
yielded an average of 18.5 lesions per plant on one variety as compared to 3.9 lesions on 
another. Following water-soaking, scores of 2.47 and 0.67, respectively, were obtained 
on the^e same varieties. Varietal infection in tobacco seedbeds varied from 34 to 1.2 
lesions per leaf, relative susceptibility to the disease being correlated with relative sus- 
ceptibility to water-soaking. Varietal variation in water-soaking was found in tomatoes, 
oats, and corn. ^ Inoculation with the halo-blight organism on oats exposed to natural 
water-soaking yielded results similar to those on tobacco. 

Growth of Tobacco Seedlings Stimulated by the Addition of Peanut-hull Meal to 
the Plant-bed Soil. Henderson, R. G. Treatment of tobacco plant-bed soil with urea 
and calcium eyanamid for the control of weeds leaves the soil toxic to plant growth for 
several weeks. In preliminary tests the addition of organic matter to treated soil, in 
order to stimulate the growth of microorganisms, quickly brought the soil back to productive 
state. In an extensive test at Chatham, Virginia, in 1943-44, treated soil amended with 
2 lb. of peanut-hull meal per square yard produced more vigorous plant growth and a 
larger number of usable tobacco plants than did treated soil left unamended. Analyses 
of soil samples taken 41 days after the peanut-hull meal was added revealed no significant 
differences in pH or ammonia-nitrogen, nitrate-nitrogen, and nitrite-nitrogen content be- 
tween the amended and unamended plots. No analyses were made after the 41st day. 
The growth stimulation from the use of peanut-hull meal probably wms due in part to 
improvement of the physical condition of the soil, since some stimulation was noted also 
on plots where neither urea nor calcium eyanamid was used. Prom these data it apjjears 
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that the benefits obtained from treating soil with urea and ealeium cyanamid can be in- 
creased by adding organic matter. 

Zino Dimethyl Dithio carbamate and the Control of Early Blight and Anthracnose on 
Tomatoes and of Leaf Hoppers and Early Blight on Potatoes, Heuberger, J. W., and 
D. O. WoLFENBARGER. Ill experiments on tomatoes and potatoes, designed to determine 
the* protective value of organic and inorganic fungicides, zinc dimethyl dithioearbamate 
was an outstanding material. In all tests the fungicides were used at a concentration of 
1.5-100 active ingredient. The percentagewS of control of early blight of tomato on Sept. 
28 were 75 for Bordeaux, 71 for zinc dimethyl dithioearbamate, 66 for Compound A, 52 for 
Fermate, and 24 for the untreated; the percentages of tomato anthracnose infection at 
the September 28 harvest were 0.5 for zinc dimethyl dithioearbamate, 9.3 for Bordeaux, 
10.4 for Compound A, 18.0 for Fermate, and 25.3 for the untreated. The percentages of 
control of early blight on Sept. 27 on late-planted Dakota Red potatoes was 97 for 
Bordeaux^ 92 for zinc dimethyl dithioearbamate, 90 for Compound A, 80 for Fermate, and 
65 for the untreated. The Ca, Na, Fe, Cu, and Pb dimethyl dithio carbamates were less 
effective fungicides than was Zn dimethyl dithioearbamate. On early-planted Irish Cob- 
bler potatoes the percentages of control of potato leaf hoppers (Empoasca fahae Harr.) 
were 50 for zinc dimethyl dithioearbamate, 38 for zinc sulphate-lime (1-1-100), 34 for 
Bordeaux, 28 for Compound A, and 16 for the untreated. Adding zinc sulphate-lime 
(l-J-lOO) to organic and inorganic fungicides increased leaf -hopper control by approxi- 
mately 20 percentage points for each material. Yield records were not complete when 
this abstract was submitted. 

Preliminary Peport on DDT in the Potato Fungicide Program. Heuberger, J. W., 
AND D. 0. WoLPENBARGER. In ail experiment comprising 44 materials on late-planted 
Dakota Red potatoes, DDT (dichloro diphenyl trichlorethane) at a concentration of f-lOO 
was used alone and in combination with the two fungicides. Compound A (copper oxychlo- 
ride) and zinc dimethyl dithioearbamate, in a 5-application spray schedule. Single row 
plots 20 feet long were used in a replicated, randomized block design. Potato leaf hopper 
(Empoasca fabae Harr.) counts on September 8 averaged approximately 7.6 per 20 -foot 
row for those treated with fungicides and those untreated, and averaged 1 for DDT alone 
or combined with Compound A and zinc dimethyl dithioearbamate. DDT had no effect 
on control of early blight (Alternaria solani) when used either alone or in combination 
with the fungicides. Where DDT was used alone or combined with the fungicides, the 
plants were taller, broader, darker green in color, and had larger leaflets; also, the leaflets 
were flatter (less cupped) than when untreated or when the fungicides were used alone. 
No foliage injury was observed where DDT was used. The border effect of DDT was 
pronounced, as replicates of other treatments that fell next to the DDT had characteristics 
of the DDT plots. No yield records were available when this abstract was submitted. 

The Cherry Virus Complex in New YorTc. Hildebrand, E. M. Several nonlethal 
abnormalities of virus or genetic origin occur on cherries in New York. The graft-trans- 
missible nature of certain elements in this complex was first demonstrated in 1936. Sub- 
sequently four virus diseases have been distinguished in the complex on sour cherry — ^yellows 
(Chloro genus cerasae), ring spot (Amudus cerasae), green-ring yellows, and rosette — 
and two on sweet cherry — tatter-leaf and mottle. The seed-transmissible crinkle on 
Prunus avium appears to be of genetic origin. The several cherry viruses are transmitted 
readily by grafting and produce distinctive symptoms. On Montmorency the incubation 
periods of ring spot and rosette are short (± 2 weeks) and that of yellows and green-ring 
yellows is long (± 1 year) whereas on Black Tartarian that of tatter-leaf virus is short 
(+2 weeks) and that of mottle is long (±1 year). When indexed on peach, ring spot 
ordinarily is distinguished by necrosis followed by recovery, whereas yellows induces (1) 
rosette and stunting, (2) mosaic, or (3) no symptoms. When indexed on Italian prune, 
yellows (strain 1) and sweet-cherry mottle induce symptoms simulating prune dwarf. 
The fact that certain of these viruses have been located in the rootstocks and grafted 
trees in nurseries and also in the wild (P. avium, P. virginiana, P, pennsylvanica) sug- 
gests their probable origin. 

Eff ect of Crown-gall Bacterial Metabolites, Crown-gall Tissue Extracts, and the Com- 
position of the Medium on Growth in vitro of Excised Tobacco and Sunfloioer Tissue. 
Hildebrandt, Albert C., A. J. Biker, and B. M. Duggar. In connection with crown- 
gall studies, the effects of various modifications of the culture medium on the growth 
in vitro ot excised tobacco and sunflower tissue were observed. White ^s synthetic medium 
was used with various supjflements. When fermented media from both the virulent and 
attenuated cultures, respectively, of Phytomonas tumefaciens (Smith and Town.) Ber- 
gey aL were added, slight stimulation of tobacco tissue occurred at the lower concen- 
trations of the fermented material. A slight inhibition was found at the higher concen- 
trations. Fermented media from the attenuated strain strikingly inhibited sunflower 
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tissue at all except the lowest concentrations. Extracts from crown galls on in<ir;o-nin 
stimulated growth of both tissues at aU concentrations; Paris daisy gall extract siinilai-Iv 
favored the sunflower tissue, and yeast extract the tobacco tissue.^ Tomato gall 
and yeast e.xtract respectively, stimulated sunflower tissue at low concentrations but in 
hibited growth at higher concentrations; tomato gall extract similarly affected tobacm 
tissue. Paris daisy gall extract inhibited growth of tobacco tissue at all except thebwM? 
eoncptrations. Varying concentrations of important mineral salts and vitamiL were 
studied in 120 different combinations involving 22,000 tissue transplants. These have 
devXped l*appened when the basic medium was altered. Improved media were 

Gharaot^isties of Vstilago linearis forma hordei. Hieschhoen 
Epm. Since collections of Vstilago linearis studied by Osner, Davis, and Pischer dif- 

and pathogenieally, certain ontogenie characters 
liordet of P. linearis were studied in plants of Agropyron traohyoauliim (Linki 
Malte growing in the greenhouse. Soon after infection, hyphae reach the base of tlie 
CO eoptile._ Within 10 days the mycelium can be found between and within parenehvma 
near especially conspicuous near the xylem vessels and 

niov.. ' Vi- ^ i!* growing hyphae have long, binucleate cells Within 

te™fnal llfunfT invaded, and ehlamydospores begin to form in 

terminal cells of h^hae growmg in the parenchyma between the vascular bundles Oarv 
ogamy occurs just before or at the time eehinulation begins. Echinulations of the vomiv 
epispore shrink as the chlamydospore matures. Mature chlamyXSres are u^LSf 
and have a single membrane, the epispore. .i i uic uninucleate 

Peopciits for Amino Acids, Amines, Aldehydes, and Other Se- 
Hion** ^°”®***“®’**®- Horsfall, James G., anh Georse A. Zentmyer. Zeutmver’s 
t eory (Phytopath. 33 : 1121, 1943) that 8-hydro.xyquinoline is fungistatic because it^nre- 
fOT *“ the spore suggested that other reagents for metals or reagents 

■PiiTi • • 1 1 1 ?^ intermediary cell metabolism might also be fungistatic possiblv 

sholJf^tn bo f following reagents for essential metals were previously known or Le'here 
fungistatic: "cupferron,” K-periodate, resorcinol, Na-diethyl dithiocarba® 
JTb noid, hydrogen sulphide, alizarine, benzidine, a-benzoin oxime 

^y^^oehloride, dimetliyldihydroresoreinol 3-5 dmitrosalievlie 
acid, a-naphthol, a-naphthylhydrazine hydrochloride, phenylhydrazine beiizenesuhihobv 
droxamic acid. A few reagents for these groups were iionf^f static? ’ 

icii4 iS.'? SwaStaS a*; 

foliage sprays and as antiseptic fruit washes. The compounds are* com 

gSf 'iS 

ppm. by attaching different, E and X. radicals to the N-methyl pirimlidim. ^ilrogen at?u^^ 
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There is no correlation between fungicidal value and nicotine content or molecular weight. 
Derivatives having benzyl and short-chain alkyl (R) radicals exhibit much lower fungi- 
toxicity than those having lauryl or cetyl (B) radicals. The margin of safety between 
fungicidal action and injury to foliage can be estimated by comparing LD50 values for 
fungitoxicity with LD50 phytotoxicity values; i.e,, the mean dose by which 50 per cent 
of tomato foliage is killed within 5 days after having been immersed for 5 seconds. The 
mean LD50 fungitoxicity value of benzyl nicotinium chloride was 210 ppm. and of lauryl 
nicotinium oleate 11 ppm., while the mean LBSO phytotoxicity values were 20,000 ppm., 
and 4000 ppm. respectively. 

Water Influencing Eost-predisposition. Johnsow, James. Efforts were made to 
separate and measure the ^ ^ forms of water affecting host-predisposition to disease. 
High atmospheric humidity, plant-surface water, and water-content of the plant cells 
themselves are not determining factors in host predisposition to many diseases except ^ as 
these conditions inffuence a fourth form of water favoring invasion. Little information 
exists relative to excessive water in the intercellular spaces and vascular tissues, the ex- 
treme of which is known as ^^water-soaking.” The more inclusive and descriptive term 
^^water-congestion” is suggested. Water-congested tissues may be visible only by mag- 
nification, or the spaces may be only partly filled with water and not demonstrable. De- 
terminations of the total water content of tissues on a variety of species were made 
throughout the growing season during varying weather conditions. By this method, 
increases attributable to water-congestion were not significant. The total water-content 
of 50 species varied from 59 to 96 per cent, but each remained fairly constant through 
varying periods of weather and predisposition to disease. Artificially induced water- 
congestion in varying degrees yielded better percentage comparisons than did plants under 
normal conditions. An increase of 2 per cent in the total water-content resulted in macro- 
scopically visible signs of water-congestion. Through wilting and subsequent complete 
water-congestion, the green weight of some leaves may be doubled. 

Bacterial Invasion through Stomata. Johnson, James. Experiments on the nature 
of disease resistance require additional evidence of infection without the intervention of 
microscopic-sized wounds or the propulsion of organisms through stomata by external 
force. Water-congested leaf tissue results in extreme predisposition to tobacco blackfire 
and wildfire. Water-soaking by atomizing may result in wounding, and the atomized 
inoculum may propel organisms through the stomata. Water-congestion produced by the 
internal water-pressure method, followed by inoculum applied in droplets, eliminates both 
probabilities. On such water-congested leaves, India ink and bacterial suspensions enter 
instantaneously, gradually, or not at all, depending upon certain circumstances including 
stomatal opening. Slight wounding of the water-congested areas results in instant en- 
trance due to capillary tension, and the same force operates through stomata but normally 
at a slower rate. The size of disease lesions depends chiefly upon the time water-conges- 
tion remains in the inoculated area. Bacterial invasion through stomata is less certain 
than that through wounds, but is sufficiently certain to account for heavy infections fre- 
quently found following weather conditions favorable for water-congestion. Tinder such 
conditions, for example, dew is sufficient to suspend the parasite and make surface water 
contact with the water-congestion areas through stomata, permitting invasion to occur by 
capillary action. 

A Spray Boom Adapted for Ground-spraying to Conibat Apple Seal). Keitt, G. W. 
For two seasons spray booms have been designed and tested for increasing speed, economy 
in cost and manpower, and effectiveness of applying the Elgetol ground treatment. The 
booms used gave good results. The current model, attached to the rear of the spray rig, 
is 17 feet long and carries 16 nozzles approximately 18 inches from the ground. It is 
provided with a shield against low branches, a joint that permits disengagement upon 
contact with a tree, and a device to avoid excessive variation in distance of the nozzles 
from the ground. Two men using a rig with a 25-gallon-per-minute pump and 3 00 -gallon 
tank applied the ground treatment to approximately one acre an hour. In a season of 
severe scab on McIntosh in unsprayed or inadequately sprayed orchards in 1944, scab 
development on McIntosh in the experimental ground-sprayed orchard was retarded, mild, 
and easily controlled. TTnsprayed McIntosh trees had 72 per cent of their fruit scabbed 
at harvest. Various mild programs gave less than 1 per cent of fruit scabbed; e.g., S 
applications of Flotation Sulphur or 3 applications of lime-sulphur before bloom and 5 
applications of Flotation or Mike Sulphur or Fermate after bloom. Some blueprints of 
the boom are available. 

Bruit Invasion and Seed Carriage of Tomato Fusaritim Wilt. Hendrick, James B. 
Vascular invasion by the tomato Fusarium wilt organism (Fusarium oxysporum f. lyco- 
persici) often extends into the fruit pedicel. Seed removed aseptically from the interior 
of 265 ripe fruits showing pedicel invasion and planted on potato-dextrose-agar plates 
showed 20.7 per cent of the fruits to be harboring the wilt organism on the seed. Sixty- 
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da,y-old seed extracted from fruits showing a high percentage of Fusarimn on the sperl 
was treated with a 1-1000 mercuric chloride solution for 5 minutes, washed in sterile 
water, dried, and planted as whole and as cut seed on agar plates. The whole trenteil 
seed remained sterile while the out seed showed 9.6 per cent and the nontreated seed 1 Vin 
per cent Fusarium growth. Nontreated seed from the same lot planted in sterilised 
greenhouse soil produced 53.7 per cent wilt-infected plants. Preliminary laboratory trials 
showed that hot water at 54° 0. for 30 minutes did not completely eliminate Fusarium 
from the seed while seed treated with mercuric chloride, 1-2000 for 5 minutes or New 
Improved Ceresan, 1-1200 for 5 minutes, showed no Fusarium growth on agar plates. 

. Stem might of Tomato. Kendbice, James B. The canning tomato cron 

m Central California annually suffers considerable damage from a Ehizopus fruit rot and 
subsequent blighting of the stem. The fungus enters the early-ripened fruit throuu-h 
growth cracks, worm damage, or other injuries, usually on fruits under heavy f oliase 
where the atmospheric moisture is rather high. After the fruit is entered by the fuimus 
it becomes a soft watery mass, then loses its watery contents and becomes mummified on 
the pedicel. _ In many cases, the fungus penetrates the fruit pedicel, fruit spur and main 
branch, causing a blighting of the entire fruit spur and producing elongated dkrk bwm 
sunken lesions on the mam branch above and below the point of attachment of the fruit 
f.T'i r f ^ “ain branch of the plant, the leaves show a yellowing 

and blighting often mistaken for Fusarium wilt. Cultures from internal discolored 
pedicel and stem tissue have consistently yielded a species of BUgopus aiwiil»i v to B. 

V Afterfipening of Smut Chlamydospores. Keeitlow 

.^•^^aniydospores of Vstilago siriaeformis from Boa pratensis were after-ripened 
0 ^ ^‘'“'^aminating organisms. Spores prepared free of host tissue^were 
^ ™ filter-paper strips incubated at 35° C. in a moist chamber. 
Agitatmg chlamydospores in a Waring Blendor hastened after -ripening and enlnnced 
toaiuSlr o/tt ®*'>"“y?‘>^Pfesltored at 5° C. for 60 days ’and fhrtatSed 

Transmission of Virus from X-Diseased Peach Trees to Eerhaoeous Plants. Kunkel 
7 f ® transmitted from X-diseased peach trees to carrot parsley periwinkle 

and tomato bj means of dodder, Guscuta campestris Tuncker. It was Lad^’tCsmUted 

S^ht^Sh^or these species, but all attemptrt7ta“mm 

4 J \ I species to peach failed. Since the virus was transmitted 

fiom X-diseased trees of four ditferent orchards but could not be obtained from health v 
appearing trees ot the same orchard^ it seems probable that it was the X-disease virus 
In tomato it caused wilting and dearf; in carrot and parsley it caused ehitrS of yoZ 

both old yebowmg of old leaves; in periwinkle it produced yellowing in 
both old and young leaves and marked stunting of flowers. All plants into which it was 

nu7berof abnormal 

Labso7 e'^H iLTit, Funotate Necrosis and Mottle in Potatoes. 

aberrS stVS; o?Sf 1 1 a necrosis and mottle in potatoes is an 

latent ring- spot virus has been secured. The virus is trans- 
f ailed ^ extract but all attempts at transmission by means of aphids have 

failed The virus remains infective in vitro for 28 to 30 davs at 20^ to 29 ° n fniLnflo 

and bvd" ^ inactivated when held at aboutX to 67° 0. te minute 

and bj dijing. Severe symptoms are prodnced in potatoes at 14° to 16° 0 and verv mild 

eaaiiy intected. ^ Atropa helladonna L. is a syinptomless carrier. Necrotic le^ioTiq oro 
produced on the inoculated leaves of Amaranthus retroflexns L and BiaUali^ lanata L • 

hX^orto^ veinbanding virus and tobacco moriAoufi ■ L'd 

J. (WNra^lSKUN Bifwor^ and Cause of Purple-top Wilt of Potatoes. Leach, 

potatoes in West Virginia has led to the following conelu7on7 The'driease'is caused by 
ti e aster-yellows virus and is transmitted to potatoes chiefly by virSous at er le7 
hoppers that have survived the winter as adul4 The incuh^tfo'n period of th^rirus is 
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longer in potatoes than in asters. Infection must take place not later tlian early July 
(in West Virginia) to produce symptoms on late potatoes maturing in early September. 
Early varieties in West Virginia usually mature before completion of the incubation 
period, whereas they are severely affected farther north. This probably can be explained 
by differences in mass movements of leaf hoppers in different regions. All attempts to 
transfer the virus from potatoes to asters or potatoes, either by grafting or by leaf hop- 
pers, have failed. No satisfactory explanation for these failures can be given. The virus 
is not perpetuated through tubers from infected plants, although plants from such tubep 
have low vigor. No practical control measures can be recommended. Low tolerance in 
certified seed would not aid in control but would tend to insure greater vigor. Eoguing 
to meet a tolerance limit established for this purpose would be justified if tubers were 
removed. 

Inoculation Methods for Testing Blue Grass for Stripe-smut Besistance. Leach, J. 
Gr., AHD Gonley V. LowTHER. Nuiuerous methods of inoculating blue grass with stripe 
smut (TJstilago striaeformis) have been tested. The conventional methods of seed inocu- 
lation, with or without vacuum treatment and with the use of various types of inoculum, 
have resulted in such low percentages of infection, and the incubation periods have been 
so long, that they are considered impractical for eliminating susceptible strains. Inocu- 
lation of plants near their growing points by means of a hypodermic syringe and with 
fresh spore suspensions, has given better results. With this method, the incubation period 
has been as short as 13 days, compared with 6 weeks for seed inoculation. An important 
advantage of the hypodermic-syringe method is that, without resorting to seed production, 
clonal selections can be reinoculated over and over, with adequate replications, until 
resistance or susceptibility is determined definitely. 

Growth Bates of Most and Pathogen as Factors Determining the Severity of Pre- 
emergence Damping-off, Leach, L. L. Neither the growth rate of the pathogen nor the 
emergence rate of seedlings adequately explains the relation of temperature to the severity 
of pre-emergence damping-off. The ratio of the coefficient of velocity of seedling emer- 
gence to the growth rate of the pathogen, however, is inversely related to the severity of 
infection in all combinations of host and pathogen tested. For example, spinach which 
at low temperature has a relatively greater growth rate than Pythium ultimum suffers less 
pre-emergence damping-off at 4° and 8° 0. than at higher temperatures where the ratio 
of growth rates is reversed. Conversely, watermelons and other high temperature crops 
show decreasing pre-emergence infection from the same pathogen with each elevation in 
temperature, a relationship that corresponds to the ratio of growth rates of watermelon 
and Pythium ultimum at these temperatures. A study of ten combinations of hosts and 
pathogens indicate that this principle has fairly general application. Evidence has also 
been obtained that seed lots of the same variety differ in susceptibility to Pythium damp- 
ing-off, a condition apparently correlated with differences in vitality as indicated by 
emergence rates. 

Fffectiveness of Seed Treatments Against Surface-home Ascochyta on Pea Seeds, 
Leach, L. D., and W. C. Snyder. It has been reported that seed-borne Ascochyta is only 
partially controlled by chemical seed treatments. Failure to obtain complete control may 
be presumed to be due to internal infection of the seed. Most lots of pea seeds are 
believed to be relatively free from internally borne infection but in some years many lots 
carry surface-borne Ascochyta. Disease-free pea seed was inoculated by being dipped in 
a suspension of A, pinodella, dried, then treated with various fungicides and planted in 
sterilized soil. None of the dust treatments completely prevented infection from the 
surface-borne fungus, but even with the heavy inoculation used, some of the dust treat- 
ments gave a high degree of control. At the highest dosages the materials, in descending 
order of effectiveness, were dichloronaphthoquinone (no. 604), Arasan, Semesan, New Im- 
proved Ceresan, Ceresan, Spergon, yellow copper oxide. The dosages of several dusts had 
a striking effect upon results. Complete elimination of surface-borne Ascochyta resulted 
when seed was dipped in a solution of ethyl mercury phosphate. 

Dusting Soybeans for Control of Bacterial Pustule, Lehman, S. Gr. Little infor- 
mation is available on the effect of spraying or dusting soybean plants to control disease. 
In 1944, a field experiment was set up to determine how much reduction of bacterial 
imstule (Xanthomonas phaseoU sojense) may be expected from dusting the plants with 
fungicides. The dust preparations used were; (a) 3 25 -mesh sulphur, (b) copper-tale 
containing 6 per cent metallic copper, and (c) copper-sulphur containing 6 per cent 
metallic copper. Half the dusted and control plots were inoculated by spraying with 
X, phaseoU sojense. Sulphur dust failed to reduce bacterial pustule. The copper-talc 
and copper-sulphur dusts were more effective. The variety Tokio had 62 and 90 per cent 
infected leaves, respectively, in the uninoculated and inoculated control plots and 33 and 
51 per cent on correspondent plots dusted with copper -talc. More obvious disease reduc- 
tion was observed in the number of infections per leaf. XJnxnoculated and inoculated 
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uiidusted plants showed respectively 12 and 60 infections per leaf, but only 3 and 12 
infections per leaf were found on correspondent plants dusted with copj)er-tale. On the 
more susceptible Herman variety 30 and 100 infections per leaf w^ere found, respectively, 
on uninoeuiated and inoculated undusted plants, and only 6 and 15 infections per leaf 
occurred on correspondent dusted plants. The copper- sulphur dust gave disease reduc- 
tions closely paralleling those of copper-tale. 

An IsoqmnoUnium Fungicide for Apple Scab Control, Locke, S. B. Isothan Q15 
(lanryl isoquinolinium bromide), a water-soluble, surface- active, cationic fungicide, was 
compared with six other materials for apple scab control in an orchard test involving six 
spray applications on ten single-tree replicates. This toxicant at 1: 5,000 reduced the 
amomit of scab on McIntosh foliage 94.0 per cent below that on unsprayed check trees. 
Wettable (Camden Paste) sulphur at 1: 80 gave 93.4 per cent control, while Puratized 
N5D at 1 : 20,000 gave 99.6 per cent control. Isothan Q15 and Puratized 2SF5I) have thera- 
peutic value as shown by data obtained from tagged leaves. The number of sporulating 
lesions on McIntosh foliage was reduced 77.2 per cent by one application of Isothan Q15 
at 1: 5,000, and 76.9 per cent by one application of Puratized N5I) at 1: 20,000. This 
therapeutic effect is believed to account, in part, for the control obtained. The solubility 
of Isothan Q15 permits a low minimum effective dosage. Its surface activity increases 
dispersion of added lead arsenate, reduces arsenical injury, gives a more uniform deposit, 
and produces better coloring of the fruit. 

Deposition of Fungicides and Insecticides on Cherry Foliage. Mack, G. L., J. M. 
Hamilton, and A. W, Avens. Ineffectiveness of dusts for controlling cherry leaf spot 
is attributed to inadequate deposition on the under side of the leaves because of lack of 
moisture. An attachment to a standard duster which allows liquid to be atomized into 
the dust stream overcomes this difficulty. The deposition of copper materials, sulphur, 
and lead arsenate applied in equivalent amounts as sprays, dusts, and spray-dusts was 
compared by chemical analysis of the residues. The copper and arsenic content of the 
residues from dry dusting was less than half that obtained by spraying. Impregnating 
dust with oil, 3 per cent % weight, did not increase deposition appreciably. An aqueous 
0.1 per cent solution of polyvinyl alcohol applied as a spray-dust doubled the deposit of 
both copper and arsenic and used only about one-tenth as much liquid as was required 
for spraying. Leaf -spot control varied directly with the copper content of the residues. 
Control of leaf spot equal to that secured by spraying was obtained also by the use of 
a concentrated oil emulsion. 

Diop Twine Treatment in Controlling Downy Mildew. Magie, E. 0. Chemical treat- 
ment of twine used to support hop vines partially protected the terminal and lateral buds 
during May from infection by hop downy mildew {Pseudoperonospora humuU) . Sus- 
pensions and solutions of fungicides in which cotton and binder twines were soaked for 
1943-44 held and laboratory tests were Bordeaux, 60-20-100; Tribasic copper sulphate, 
6 per cent; Yellow' Cuprocide, 4 per cent; Permate, 4 per cent; U.S.E. No. 604, 2 per 
cent; No. 604, 1 per cent in chloroform; Spergon, 10 per cent in benzene; saturated water 
solution of Lithane ; Peptachlorphenol, 10 per cent in alcohol ; Puratized LN (phenyl 
mercuri 9, acetoxy 12, octadeeonoic acid)j 1 per cent, plus Yatsol, 0.2 per cent. Triton 
XlOO, 0.25 per cent, was added to water suspensions in 1944 to wet the twine. Puratized 
LN and IT.8.E. No. 604, the more effective materials, permitted one-tenth to one-fifth as 
much bud infection as was present where the twine was not treated. The copper ma- 
terials, pentaehlorphenol, and Lithane were intermediate; Permate and Spergon were less 
effective. The materials fell into the same order of effectiveness when leachings from the 
’weathered twine were tested against sporangia of P. humuU on glass. Volatile solvents 
facilitated the penetration of twine by organic fungicides. Hop vines trained on poles 
instead of twine were protected similarly by spraying the stacked poles in late winter 
with the copper materials at 2 per cent copper concentration. 

Fvaluating Fungicides by Means of Creenhouse Snapdragon Bust McCallan, 
S. E. A. A greenhouse method has been developed for evaluating foliage fungicides 
against a representative rust disease. Plants are sprayed and inoculated under controlled 
conditions with apparatus developed for tomato diseases (Contrib. Boyce Thompson Inst. 
13: 93. 1942). Potted snapdragon plants, variety Cheviot Maid Supreme, are trained 
to 2 stems and tested when 12 inches tall. Total pustules per 20 leaves, following inocu- 
lation with 100,000 spores per cc., are counted 10 days later. Infection occurs readily 
from to 20° C., with the optimum at 10° to 15° C. The number of ])ustules is converted 
to percentage of checks. Straight lines were obtained on logarithmic probability paper, 
from a dosage series with nine representative commercial fungicides. Empirical probit 
w'eights gave highest precision at the LL95 level, as for tomato diseases. One plant per 
dose suffices, but tests should be repeated. Organic compounds gave the steepest curves 
and most efficient control, sulphur compounds were intermediate, while copper fungicides 
with fiat slopes were ineffective. Absolute comparisons with laboratory slide-germination 
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tests showed good agreement with sulphur and organic compounds, but copper fungicides 
were overrated in the laboratory. Pinal results are expressed as per cent dosage for 95 
per cent control (LD95), or per cent disease at 0.2 per cent spray. 

The Use of Venturia inaequalis and Sclerotinia fructicola with Pure Chemical Stimu- 
lants in Slide- germination Tests of Fungicides. Miller, Harold J. The recommended 
procedure of the American Phytopathologieal Society involves centrifuging of the spore 
suspension, after which it is necessary to add a stimulant (1) to insure germination above 
90 per cent on cheek slides and (2) to adjust the LD50 to a given concentration of a 
standard fungicide. Orange juice fulfills both requirements for Venturia inaequalis and 
Sclerotinia fructicola. HoAvever, different samples of orange juice have caused as much 
as a fourfold difference in the LD 50 value of a dried Bordeaux-mixture deposit. Potas- 
sium and sodium citrates at concentrations of 0.001 per cent when used with 0.2 per cent 
sucrose gave an LD50 in the same range as 0.1 per cent orange juice with less than a two- 
fold variation and equally good germination on the check slides. There is a linear rela- 
tionship between concentrations of orange juice, sodium citrate, and potassium citrate 
and the LD50. Malic and citric acids also have the same properties. 

High Calcium vs. High Magnesium Lime in the Preparation of Bordeaux Mixture for 
Cherry Leaf-spot Control in Wisconsin. Moore, J. Duain. Over a 4-year period, anal- 
yses of spray residues on cherry leaves after periods of weathering showed greater reten- 
tion of copper when Bordeaux was made with high magnesium than with high calcium 
lime. These differences were obtained with both the 3-spray, 6-8-100 program and the 
4-spray, 3-4-100 program, but were somewhat more striking with the 3-spray schedule. 
The greater difference in the 3-spray program appears to be a consequence of the longer 
period of weathering in this program wtihout renewal of coverage between the second 
application and the post-harvest one. Control of cherry leaf spot generally was about the 
same, ’whether high calcium or high magnesium lime was used. However, in the years of 
protracted dry periods with heavy dews, greater defoliation due to spray injury occurred 
on plots on which Bordeaux made with the high calcium lime was used. When differences 
in fruit size were obtained between plots sprayed with Bordeaux mixtures made with the 
two limes, these differences favored the use of high magnesium lime. 

Host Lange Studies of Necrotic Bing Spot and Yellows of Sour Cherry, Moore, J. 
Duain, and G, W. Keitt, Buds from Montmorency trees carrying (1) only necrotic ring 
spot or (2) cherry yellows and necrotic ring spot were inserted in nursery trees of several 
varieties of peach and various other species and varieties of Prunus. In all cases in which 
symptoms were expressed, except on P. cerasus, the same symptoms were obtained on a 
given host with either bud source, suggesting the necrotic ring-spot virus as the cause. 
Budding into ring-spot-free and yellows-free Montmorency from the plants that had been 
budded a year before from sources (1) and (2) gave only necrotic ring spot if source (1) 
had been used originally. Both necrotic ring spot and yellows symptoms were obtained 
on Montmorency trees budded in the spring of 1948 if source (2) had been used originally. 
Yellows readings on trees budded in the spring of 1944 are not completed. Neither the 
Abundance nor the Burbank plums used expressed any symptom when budded with either 
bud source, and neither gave evidence of being a symptomless carrier for either ring 
spot or yellows. Thus far, all attempts to obtain yellows free from ring spot have failed. 

A New Organic Fungicide, £, S-dichloro-1, 4-naphthoquinone: Its Value as a Control 
for Certain Defoliation Diseases of the Tomato, Nagel, C. M. Results during the 1944 
season indicate that 2, 3-dichloro-l, 4-naphthoquinone offers promise in the control of 
foliage diseases of tomato. Three pathogens which caused epiphytotics during the cur- 
rent seaso'n are, in order of importance, Phytomonas vesicatoria, P, punctulans, and Sep- 
toria lycopersici. The materials used were: Yellow Cuprocide,* DDT, [2, 2-bis (para- 
chlorophenyl) 1, 1, 1-trichloroethane ] ; Bermate; Copper Hydro 40; 2, 3-diehloro-l, 4-naph- 
thoquinone; He 175; Spergon; and Bordeaux mixture. All materials except Copper Hydro 
40 were used as sprays while the first three were used both as sprays and as dusts. Four 
applications were made between July 14 and August 17. The 2, 3-dichloro-l, 4-naphtho- 
quinone markedly excelled all other materials tested in maintaining plant foliage and 
caused little or no foliage injury. It was applied at the rate of 1.5 pounds per 100 gal- 
lons of water. Yellow Cuprocide ranked second. At the recommended dosages other 
materials offered little or no protection to foliage. The tomato variety Tictor was used 
in the experiment in a randomized block design with four replications. 

The Influence of Temperature on the Susceptibility of Potatoes to Bacterial Soft 
Bot. Nielsen, L. W., and F. A. Todd. Potato tubers exposed to sublethal temperatures 
become more susceptible to bacterial soft rot. Irish Cobbler tubers were used in labora- 
tory studies on the mechanism associated with this increased susceptibility. Potatoes 
were stored 10 to 20 days at temperatures from 4^ to 40° 0. Samples of stored tubers 
also were heated at 47° C. for 60 minutes as a sublethal treatments Analyses of juices 
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from stored and lieated tubers showed that increased susceptibility was not correlated 
with any sugar changes induced by temperature treatments. Changes in cell-membrane 
permeability were determined from analyses of the sugar contents of cliff usates obtained 
by suspending diced potatoes in distilled wnter for 2 hours at room temperature. ^ The 
sugar contents of the diffusates were closely related to the temperature treatments. Exos- 
mosis of sugars progressively increased from potato tissue stored at temperatures above 
30° G. The sublethal treatment increased exosmosis from potatoes previously stored be- 
low 35° C. The exosmosis of sugars from potatoes stored above 26° G. was correlated 
closely with bacterial soft rot of early potatoes held four days at the same temperatures. 
At sublethal temperatures, cell membrane |)ernieability to sugars is a reversible reaction! 
Possibly it is a factor associated with bacterial soft rot of potatoes exposed to high 
temperatures during harvest. s 

Anihfacnose of Garden Fea, Ou, S. H. Anthracnose (Collet otriclium pisi Pat.) 
occurs commonly on leaves, stems, and pods of the host in Wisconsin pea fields, but is 
found practically always in association with Mycosphaerella pinodes (Berk, and Blox.) 
Stone. Artificial inoculation results in w^eak infection of leaves but in no signs of disease 
on the stems. In nature its conspicuous development appears to be as a secondary parasite 
following Myeosphaerella. All original isolates from naturally infected plants sporulate 
sparsely on solid media and atypical cylindrical conidia form freely in various liquid 
media. Colonies on solid media commonly produce sectors in which there is little aerial 
niycelium and profuse development of falcate conidia typical of those found on the host 
in nature. The sporulating character usually remains constant during several successive 
single-spore transfers. Variations in temperature, light, vitamin content of media re- 
action of media, carbon source, and nitrogen source have not affected the rate of appear- 
mice of sporulating sectors. When the mycelial and sporulating lines are grown together 
in ^test-tube cultures the former soon predominates, partly because of its greater growth 


A Fyilikm Tuber Mot and Wilt of Irish Fotatoes. Person, L. H. A disease of 
Irish potatoes characterized by a sudden wilting of the plants and a rot of the tubers was 
found in the spring of 1941 in Louisiana. The outbreak occurred on Katahdin and 
Triumph varieties during a period of cool weather following a heavy rain. The tuber rot 
appeared to be distinct from ^Geak,^^ the tuber being firm and its interior a smoky gray. 
Isolations from tubers yielded cultures identified as Pythkm deharyanum. Inoculatioii 
of healthy tubers with these isolates produced a rot similar to that found in the field. 
At the same time inoculations were made with Phytophthora erythroseptica, which also 
occurs in Louisiana. Typical symptoms were obtained, indicating that the rot also was 
distinct from pink rot. This Pythium rot seems distinct from other rots reported in the 
United States and resembles in some respects a wilt caused by Pythium butlerL reported 
in Cyprus. 

A Mapid Method for Mechanically Transmitting Plant Viruses. Richards, B. Lorin, 
Jr., and Henry M. Hunger. Promising results have been obtained with a high-velocity 
spray stream in transmitting certain plant viruses. Diluted viruliferous juice contain- 
ing 300~400-inesh carborundum, was sprayed on plants through a suction-feed glass 
atomizer, fabricated of 5-mm. glass tubing, drawm to 0.5— 1.0-mm. orifices. Best results 
were obtained when the atomizer was held 5 to 7 centimeters from the leaves and air 
pressure above 30 lb. was used. A tank of liquified carbon dioxide proved to be as satis- 
factory a source of pressure as compressed air and ivas particularly adaptable for field or 
greenhouse inoculations. A cut-off assembly (DeVilbiss No. 633) connecting the atomizer 
to the source of pressure greatly facilitated the spray applications. The method has been 
used with excellent results to transmit Bean Virus 4 and two strains of Bean Virus 1 to 
beau plants, and several strains of Cucumber Virus 1 to cucumber. Under direct compari- 
son this spray technique gave percentages of infection as high as, or higher than, did the 
carborundum-rubbing method. Several thousand bean and cucumber plants were inocu- 
lated by spraying with their respective viruses in the field and greenhouse this past season, 
ihe results were more satisfactory and the time required was approximately one-fourth of 
that necessary when the rubbing method was used the previous summer. 

Pfect of Light Intensity on Infection Types Produced by Maces 19, SS, 59, and 59 A 
ofiiicciniagraminis tritici on Susceptible and Mesisfa'nt Wheats. Rodriguez V. Jos^i. 
High light mtciisity was conducive to rapid and optimum development of races 19, 38, 
ml, and i)9A on Little Club wheat and other susceptible varieties, with the production of 
type 4H uredia At low light intensity the infection type may be reduced to type 3. All 
four races produce type 2 uredia on Marquis, but a distinct necrotic band is produced 
around the uredia under high light intensity, thus limiting the extmit of mycelial dovelop- 
ment. At low light intensity, on the other hand, relative absence of necrosis permits 
the mycelium to grow more extensively and, although initial sporulation is depressed, sec- 
ondary and tertiary crops of spores may be produced in diamond-shapie bands along the 
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edges of infected areas, especially if light intensity is increased. This is true also of 
race 59A on Eeliance. Likewise, races 38, 59, and 59A produce type X — infection on 
Kubanka durum under high light intensity and a somewhat higher infection type under 
lower intensity, because of the limiting effect of the more pronounced necrosis under the 
more intense light. 

Negative Correlation Between Size of Crown Must Pustules and Grain Yields in the 
New Oat Variety^ Traveler. Eosen, H. E. It commonly is assumed that size of pustule 
indicates degree of susceptibility and consequently is a measure of possible crop losses 
from cereal rusts. Consistent with this assumption, the oat variety Victoria is considered 
resistant to common races of crowm rust because pustules are usually smaller on this 
variety than on susceptible varieties. The variety Traveler (Victoria x Custis) was 
selected because when infected by crown rust it shows a minimum of leaf injury although 
the pustules are larger than are those on its rust-resistant parent, Victoria. When ap- 
proximately the same amount of inoculum is applied to Victoria, Traveler, and a suscepti- 
ble selection from the same cross, the susceptible type has about 10 times as many infec- 
tions. Killing of leaf tissue is faster in Victoria and Traveler, but the amount of dead 
or injured tissue is eventually far greater in the susceptible type and apparently pro- 
portionate to the number of infections. For live years Traveler has yielded as well as, 
or better than, other Victoria hybrids with smaller pustules, including sister selections 
from the same cross. This seemingly suggests that in evaluating susceptibility,^ size of 
pustules is not so important as number of infections and amount of leaf tissue injured. 

Seedling Blight and Boot Bot of Flax in Washington. Schuster, Max L., and E. J. 
Anderson. Seed coat injury due to threshing, and attack by soil-borne fungi were re- 
sponsible for poor stands of flax in Washington. Samples of seed varied in the amount 
of seed with broken coats from 10 to 15 per cent for Zenith and Eedwing to 65 to 75 per 
cent for Viking and Bison. In greenhouse trials, seed threshed by hand produced better 
stands than did seed threshed by machine at medium cylinder speed. Seed threshed at 
high cylinder speed produced the poorest stand. Field trials with seed lots threshed by 
the three methods showed highly significant differences in seedling emergence. Fttsarimn 
oxysporum Schl. was obtained most frequently in isolations from flax seedlings. Patho- 
genicity tests showed it to be virulent and the principal pathogen involved in decreased 
flax stands in Washington. The tests showed also that saprophytic organisms such as 
Alternaria and PeniciUium may reduce stands. Flax stand was improved by the use of 
Spergon, New Improved Ceresan, Dubay 1205 FF (50 per cent tetramethyl thiuramdi- 
sulflde), and Semesan in greenhouse tests. The first three compounds were equally effec- 
tive in protecting the seed sown in the field. These treatments produced much greater 
increases in stands from machine-threshed seed than from hand-threshed seed. 

Preliminary Besults on the Effectiveness of Flgetol as an Eradicant in Grape Black- 
rot Control. Shay, J. Ealph. In a preliminary trial during the 1944 season 1 per cent 
Elgetol at the rate of 400 gal. per acre was applied to the ground of a one-acre Concord 
vineyard. The vines were treated with 0.5 per cent Elgetol, 150 gal. per acre. The 
application was made in the spring after the ascospores of the black-rot fungus had 
matured but before bud break. An adjoining 2-acre vineyard was used as a control. 
A measurement of the number of ascospores discharged from mummies collected from the 
ground in the treated vineyard before and after the Elgetol was applied showed 95.5 per 
cent suppression of ascospore discharge by the eradicant. Counts of black rot on fruit 
in late June showed a much reduced level of infection in the eradicant-treated vineyard. 
Plots in the eradicant-treated vineyard which received no protectant sprays showed about 
the same amount of infection as plots in the control vineyard which received a full pro- 
tectant spray program. Fermate gave as satisfactory control in the eradicant-treated 
vineyard as did Bordeaux 6-8-100 or 3-4-100. No deleterious effect of Elgetol on vigor 
of the vines could be discerned. 

Immunisation of Peach Trees to X Disease hy Chemotherapy. Stoddard, Ernest M. 
Seedling peach trees in pot culture, inoculated with X disease by budding, were injected 
with chemicals through the cut upper end of the main stem. In 124 trials, p-amino- 
benzenesulphanilamide at various concentrations and under various conditions reduced 
infection to 21 per cent. At a concentration of 1-2000 injected after moculation, it com- 
pletely prevented infection of 45 trees. Cheek inoculations averaged 85 per cent infec- 
tion. Maltose or dextrose combined with p-aminobenzenesulphanilamide antidoted to a 
considerable degree its injurious effect on the trees without antidoting its effect on the 
virus. p-Arninobenzoie acid completely antidoted the effect of p-aminobenzenesulphanila- 
mide on the virus, just as it antidotes the bactericidal and fungicidal properties. p-Toluene- 
sulphanilamide was less effective and less phytotoxic than p-aminobenzenesulphanilamide. 
Hydroquinone, maltose, dextrose, and zinc sulphate reduced infection considerably. It is 
significant that p-aminobenzenesulphanilamide had no therapeutic value in the inacti- 
vation of the virus in diseased buds, but that hydroquinone was somewhat effective. With 
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the exception of zino sulphate, all the chemicals were more effective when iniected two 
weeks after inoculation than when injected two weeks before inoculation. It is sus^wsto/i 
that the inhibitory effects of the chemicals on the virus of X disease is due to artifiHoi 
immunization. I'i-uoiai 

^ Experimental Immunisation of American Elm from Infection hy VerticilUum nlhn 
otrim. Tehon, L. E. Immunization of American elm from artificial infection bv 
VertwilUum albo-atnm appears to have followed injection of staled culture medium and 
mycelial extract. The fungus was grown on a liquid medium for 10 days and then sena- 
rated witli a Berkef eld candle. This staled medium was used without alteration The 
mycelial mat was ground in quartz sand and extracted with water, and the extra'et wfl-=i 
separated with a Berkef eld candle. In August, eight trees inches in trunk diameter 
were established m the greenhouse and maintained for two years. In April by iniection 
two trees were given staled medium and two trees were given mat extract.^ In October’ 
November, and January, six trees were given heavy spore injections. By April 1 in the 
two iiioeulated ^check trees there -was a general wilting ; the fungus was reisolated from 
them then and in July and in August. The two trees which received injections of staled 
medium or mat extract, but no spores, exhibited pronounced ^'anaphylactic'^ reactions 
but no wiltmg. The two trees which received injections of staled medium or mat extract 
and spores, did not wilt, and attempts made in April, July, and August to reisolate the 
iungus from them failed. 

Loss Incident to Sprouting among Stored Potatoes Reduced by Sormone Treatments 
Thomas, John E., and A. J . Eikek. During the warm spring weather any potatoes left 
in storage have commonly sprouted and soon become worthless. Such sproutine has been 
prevented by hormone treatments and the selling season has been extended Amone- 
several chemicals tried, the methyl ester of alpha-naphthaleneacetie acid was most success- 
ful. It was effective with small variations for the inhibition of sprouting on all varieties 
tried, w^., Chippewa, Gobbler, Eusset Burbank, Eusset Eural, Bed Warba, and Triumph 
Applications of approximately 0.9 gm. per bushel in dilute alcohol or lanolin emulsion 
sprays, in tele or walnut-shell_ flour dusts, or on impregnated shredded paper were all 
effective, pials were begun in January or February and were run from two to four 
months at aho^ 70“ 1 . In all cases the checks sprouted and became worthless, many of 
them rotted. The treated tubers lost some water, but even after several months in warm 
storage, were still marketable. The treatment became progressively less effective with 
SIX weeks after treatment Cobbler tubers developed a hard, knobby type 
of outgiowtii, usually in the bud area. In severe eases this growth cracked open. 

Seedling Diseases of Sugar Beets in .Ohio. Tilpobd, Paul B., and H C Touno 
Seedling diseases are the principal cause of poor stands of sugar beets in Ohio.' Aphan- 
responsible for the major loss. Disease caused by Bhizoctonia sp. 
IS less common but sometimes very severe. Injury from Phoma betae and Fusarium sp 
occur to a mmor degree. The use of high phosphate fertiUzers in the row at planting 
time usually has reduced seedling diseases in the field on soUs which have received a 
liberal application of manure. lu greenhouse experiments, row application of either 20 
b!d ° t fertilizer has reduced the Aphanomyees disease but has 

had little or no effect on diseases caused by the other organisms. Increasing the PO. 

PP™- had no retarding effect on growth of 
1 f \ a modified Hoagland solution; to which 

soybean exti act had been added, from 0.8 atmosphere to 2.8 atmospheres had no effect on 
the growth rate of A. cochho%des. When beet seedlings were grown in gravel, inoculated 
with eorn-rneal cultures o± Aphanomyees and irrigated with the same solution minus the 
soybean extract, seedling loss decreased as the concentration increased from 0.3 atmos- 
phere to 3.78 atmospheres. 

Valleau, W. D. Although blue 
tobacco was genera] in the Georgia-Florida area from 1931 on, it was prevalent 
tobacco area for the first time in 1937, indicating 
the direct hne of spread of spores from the Georgia area. Since 
193/ blue mold has become less and less prevalent until in 1944 only 2 eases were observed 
leinicssce-Kentueky area. This suggests that the blue-mold fungus is 
not (.apable ot maintaining itselt indefinitely north of the Georgia-Florida area. Bradi- 
cation ot overwintoiug living plants and the use of new plant-bed sites in the Georgia- 
Flouda, area, should result m tlie complete eradication of the fungus from the eastern 
tobcicco-gi owing areas of the United States in a, relatively short time. 

!'? Oo-nihimhon of Yellows and Mosaic Resistance with High AscorUc Acid 
1)1 Cabbage. Waltcer, J. G. AVisconsin All Seasons cabbage is heterozygous for 
the mnjoi gtme lor resistance to yellows (Fusarium oxysporum f, conglutinans S. 

and H,). J>y selection, homozygous resistant lines of improved type have been isolated. 
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These lines have been artificially inoculated with the cabbage mosaic viruses (a strain of 
turnip virus 1 and a strain of cauliflower virus 1). Lines highly resistant to mosaic have 
been isolated. Within these, lines with 60 mg. or more of ascorbic content per 100 gm. 
of fresh tissue acid have been secured. With increase of the latter a new strain of Wis- 
consin All Seasons variety will be available which is homozygous for resistance to yellows, 
highly resistant to mosaic, and relatively high in ascorbic acid content. (University of 
Wisconsin and U. S. Dept, of Agriculture.) 

A Major Gene for ^Resistance to Near-wilt in Rea. Walker, J. C., E. J. Belwiche, 
AND W. W. Hare. All commercial varieties of pea resistant to wilt (Fusarium oxysporum 
Schl. f. pisi (Linf.) race 1 S. and H.) are susceptible to near-wilt (F. oxysporum Schl. f. 
pisi (Linf.) race 2 S. and IT.). While a degree of tolerance has been attained by selection 
from certain varieties, such resistance is complex genetically and not readily fixed. In a 
single plant line from a cross between two varieties, Admiral and Pride, neither of which 
are tolerant to near-wilt, a major gene for complete resistance has been isolated. This 
behaves as a dominant to near-wilt susceptibility. The Eg progenies of a cross with Wis- 
consin Perfection (resistant to wilt but very susceptible to near- wilt) fit closely the ratio 
of 1 resistant: 2 segregating: 1 susceptible. Having this line as a breeding parent, the 
major genes for wilt and near-wilt are being combined with desirable canning and garden 
varieties. 

Beed and Seedling Infection of Barley^ Bromus inermis, and Wheat hy Strains of 
Xanthomonas translucens. Wallin, Jack R. Strains of Xanthomonas translucens 
reduced seedling emergence from artificially infested Bromus inermis, barley, and wheat 
seeds planted on moistened filter paper in Petri dishes or in steamed soil in the greenhouse. 
Hulling barley had a greater effect on the amount of seedling infection than did the 
period of soaking in the brome strain of Xanthomonas translucens. Wounding the em- 
bryos not only lowered germination of the checks, but also gave rise to a larger percentage 
of infected seedlings in the infested series. Infested hulled barley in comparison with 
infested unhulled barley planted in steamed soil gave significantly lower emergence and 
greater numbers of diseased seedlings. The barley, brome, rye, and wheat strains caused 
seedling infection of barley and wheat, but only the brome strain infected seedlings of 
Bromus inermis. The emergence of the seedlings from wounded and hulled seeds infested 
with the four pathogens was reduced over the check. The temperature during germina- 
tion, rather than the temperature at which the seeds were soaked, was the important factor 
in emergence reduction of barley. Lesions were apparent on seedling coleoptiles within 
48 hours. Freehand and paraffin sections showed the bacteria to have infected the 
coleoptile and the adjacent first foliage leaf. The inner leaves were not invaded at this 
period. 

Host Relation of Xanthomonas translucens. Wallin, Jack R. A bacterium iso- 
lated from the translucent streaks occurring on brome grass leaves was pathogenic on 
Bromus inermis,^ barley, oats, rye, and "wheat causing symptoms on the leaves, leaf sheaths, 
and culms identical with those caused by one or more strains of Xanthomonas translucens. 
In cross-inoculation studies the brome grass and wheat bacterial strains were pathogenic 
on Erban oats, Bromus catharticus, Hordeum vulgare, Secale cereale, and Triticum 
aestivum, and in addition, the brome strain was pathogenic on Boone oats, Bromus 
earinatus, B. erectus, 7 strains of B. inermis, and B. marginatus. In a comparison of the 
pathogenicity of the barley, brome, rye, and wheat strains of Xanthomonas translucens 
inoculated hypodermically into Bromus inermis, wheat, Boone and Erban oats, and Peat- 
land and Velvet barley, the brome grass and the barley strains were pathogenic on Bromus 
inermis while the wheat and rye strains were not. All strains were pathogenic on barley, 
wheat, and Erban oats, while only the barley strain was strongly pathogenic on Boone oats. 
When the pathogens were sprayed on the leaves, the brome and barley strains were patho- 
genic on Bromus inermis but not on wheat, while the wheat and rye pathogens were patho- 
genic on barley and wheat. The strains used in these studies do not fi.t the descriptions 
of the formae speciales for Xanthomonas translucens. 

A New Bust with Adherence. Watson, R. D., and A. A. Nikitin. One of the chief 
limiting factors of fungicidal dusts in general is their low adhesiveness. In earlier tests 
various oils were used but mixtures proved inferior to the standard dust. The new dust 
mixture is essentially the same as the standard copper 10 per cent — sulphur 90 per cent 
dust, excepting that 20 per cent clay is added to aid in the dispersion and absorption of 
2 per cent oil. The main problem in adding oil "was to procure a uniform distribution 
throughout the dust, which was accomplished by atomizing the oil into the blended dust 
so that there was no caking even when the oil was used at a concentration higher than 
that required for improved adhesiveness. It is essential to use a phytonomic (highly 
sulphonated) oil to avoid copper injury. Solubility tests show that fixed copper fungi- 
cides are not affected by the presence of this oil. The distribution of this new dust is 
more uniform and there is a better coverage on the foliage with less dust than with the 
standard material. Most important, field and laboratory tests show that it sticks. There 
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was an evident residue on leaves following more than 3 inches of rain. Tests also indicate 
that oil tends to minimize the separation of dust into active and inactive inffredien+« 
during its application. ^ ® 

A Greenhouse Weathering Technique for Fredictmg Field Ferformance of Fungicides 
Wellman, E. H., and S. E. A. McGallan. Certain factors in weathering fungicidai 
deposits on field foliage are : rain, sunlight, wind, leaf growth and excretions, and humidity 
Previous greenhouse weathering tests have been essentially rain tests. Significant ner* 
f orniance diffpences were not obtained with Bordeaux and Spergon, even after 5 inches of 
laboratory rain. The above factors were studied separately and in combination by the 
^Vgreenhouse tomato method (Gontrib. Boyce Thompson Inst. 13: 93, 1942) and the 
following technique was developed. The fungicide is sprayed on 4-inch plants, which are 
returned to the greenhouse. Four times, at 3-day intervals, the plants are subiected to 
100 per cent humidity for 16 hours, followed immediately by 0.5 inch of laboratory rain 
The plants are then inoculated and later disease readings made. The effect of weathering 
can be evaluated by comparison with results obtained simultaneously on unweathered 
plants. Controlling (LD95) late blight on imweathered plants takes approximately 
Spergon and Fermate, 0.3 lb. per 100 gallons; Bordeaux mixture, 1.5 lb. (as copper 
sulphate). After Aveathering the same control requires: Bordeaux mixture 4 lb • Fer- 
mate, 8 lb.; Avhile Spergon at 8 lb. gave no appreciable control. This method has been 
used successfully in selecting compounds for field tests on late blight and apple scab. 

The Zina Salt of Dimethyl Dithiocarhamio Acid (Methasan and Zincate ) as a Funai- 
aide on VegetaUes. Wilson, J. D. This material has compared favorably Avith copper 
sulphur, and various organic fungicides in the control of the early blights of potato’ 
tomato, and celery, and the anthracnose fruit rot of tomato. i j 

Summary of FesuUs Ohtained in a 10-State Experiment on the Control of Tomato 
Anthracnose. Wilson, J. D., and H. A, Funnels. This experiment included Fermate 
and Tribasic copper sulphate used alone and in an alternating schedule for the control 
of anthracnose fruit rot. Pathologists in Maryland, New Jersey, DelaAvare, Connecticut 
Pennsylvania, New York, Ohio, Illinois, Michigan, and South Dakota applied the same 
formulas in the same schedule to artificially inoculated plots. The disease Avas scarce 
in most of the states included in the test, chiefly because of lack of rainfall in late July 
and August. It occurred in sufficient quantity in many of the inoculated plots, however 
to indicate that Fermate may be expected to give a definite reduction in the number of 
affected fruits. 

Furatised NSD, Fermate, and Methasan for the Control of Apple Seal and Bitter 

^^^UNG. In 1944 orchard tests at Wooster, Puratized 
per cent), pint per 100 gallons of water, excelled all other treatments in the 
control of apple scab. Fermate and Methasan gave someAvhat less control of scab than 
Hie standard Flotation Sulphur schedule. In x>revious years (1942-1943), however 
Fermate Avas the equal of Flotation Sulphur for scab control. Puratized N5D at the 
same strength gave perfect control of bitter rot on Grimes in southern Ohio in 1944 
Avhereas Fermate, 2 lb. per 100, and Bordeaux 4-6-100 each reduced the rot to 0.5 per 
cent. ^ Methasan plus a Avetting agent failed to control bitter rot satisfactorily in this 
expennient. ^ The standard 4-6-100 Bordeaux generally used for bitter-rot control caused 
excessiA^e foliage and fruit injury. All three organic materials used gave excellent fruit 
size and finish and caused no perceptible injury on Grimes. Apples sprayed wdth the 
Bordeaux averaged 347 to the bushel Avliile those sprayed with the organic materials 
averaged only 207. 

Factors Influencing the Development of Ceratostomella ulmi in Flm Trees. Zent- 
MYEE, George A., and Phillip P. Wallace. Nutritional and anatomical differences in 
elm Avood and dosage and. age of fungus spores are important factors influencing initia- 
tion and development of the Dutch elm disease. Extracts of current season ’s wood sup- 
ported much better in vitro growth of C. ulmi than did extracts of previous season’s 
wood, indicating nutritional variations in different-aged Avoods. Eapid disease develop- 
ment following early season (May- June) inoculations apparently results from a combina- 
tion of favorable nutritional substrate and presence of wide rings of large spring vessels. 
Jiees AAdiieh had been defoliated in June by eankerworms (Alsophila pometaria and 
laleaenta vernata) were much more severely affected than non-defoliated trees Avhen 
inoculated AA’ith C. 'wl'nti, possibly because of a prolongation of spring wood formation. 
Irees which responded vigorously to fertilization with several N sources were not so sus- 
ceptible to the disease, indicating alterations in nutritional character of wood and sap 
stream.^ SeA’’erity of disease development increased directly Avith the number of spores 
Avith Avhich trees were inoculated. With an equal number of spores per tree, infection AA^as 
more severe Avith multiple inoculation points than for a single point of inoculation. For 
example, 10 i:^culations of 100 spores each Avere more effective than 1 inoculation of 
lOUO spores. Old spores were less effective than young spores in producing disease. 


EFFECT OF SPRAY INJURY ON PRE-HARVEST DROP OP 

McIntosh apples^ 


F . H . Lewi 

(Accepted for publication April 8, 1944) 

Dutton^ reported in 1932 that pre-harvest drop of Jonathan, Hiibbard- 
ston, and Baldwin apples varied with the fungicide used in fniigieide-lead 
arsenate sprays. Lime-snlphnr caused more pre-harvest drop than Bor- 
deaux mixture. The largest and most consistent differences were obtained 
when there was a moderate to full crop of fruit. Mills^ obtained similar 
differences between lime-sulphur and elemental sulphur on McIntosh in 1935 
and 1937. 

Lime-sulphur causes considerable leaf injury when used in summer 
sprays on apple and the amount of pre-harvest drop seems to vary with the 
extent of leaf injury. Evidence concerning this relationship is presented 
in this paper. 

PROCEDURE 

This experiment w^as conducted in Wayne County, New York, in 1942, 
with 20-year-old McIntosh apple trees growing in sod. They were in mod- 
erate vigor , reasonably uniform in size, and had received uniform treatment 
for at least the two previous seasons. 

Six spray schedules were followed on 7 single-tree plots in randomized 
blocks for each schedule. Two pre-blossom and 6 post-blossom applications 
were made at approximately 12-day intervals. Each tree received about 10 
gallons of spray in each application ; and all spraying was from the top of 
the spraj^er tank with an 8-nozzle boom. 

Leaf -injury data were obtained on the leaves of spurs that bloomed in 
1942 but failed to set fruit. Forty spurs per tree, taken around the tree at a 
height of 4 to 6 feet, were used in each instance. 

A leaf -injury index was calculated with the object of expressing in one 
figure both the amount of visible leaf injury on the spur leaves when the 
counts were made and the amount of leaf fall which had occurred prior 
to the counts. This was accomplished by fhe use of classes based on the 
degree of injury, with the assignment to each class of numerical value; the 
highest values corresponded with the greatest injury. It was necessary to 

1 An abridgement of one section of a dissertation submitted to the Faculty of the 
Graduate School of Cornell University, February, 1943, as a major thesis in partial ful- 
fillment of the requirements for the degree Doctor of Philosophy. 

2 Formerly Research Assistant in Plant Pathology at Cornell University, Ithaca, New 
York. Now Assistant Professor of Plant Pathology at Pennsylvania State College, State 
College, Pennsylvania. 

The author wishes to acknowledge his appreciation to Drs. A. B. Burrell, L. M. 
Massey, and W. D. Mills for their many helpful suggestions and criticisms during this 
study. 

3 Button, W. C. Spray injury studies. 2. Secondary effects of spray injury to 
apple foliage. Mich. Agr. Exp. Stat. Spec. Bull. 219. 1932. 

4 Unpublished data of Dr. W. D. Mills, Department of Plant Pathology, Cornell 
University, Ithaca, New York. 
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assume a base number of leaves before leaf fall began, an assumption wbieb 
proved to be unjustified. Therefore, an effeetive-leaf-surfaee index was 
calculated as folloAvs : number of healthy leaves x 5, number of leaves with 
slight marginal necrosis and up to 25 per cent of the margin killed x 4, num- 
ber of leaves with 25 to 50 per cent of the margin killed x 3, number of leaves 
with over 50 per cent of the margin killed x 2, and number of yellow leaves 
X 1. Thus the effective-leaf -surface index is the negative of a leaf-iniurv 
index. 

The fruits that dropped were picked up at intervals in September and 
records made of their total number and the number entered by codling-moth 
larvae. Similar data were obtained on each of two representative crates 
of picked fruit per tree; and the number of crates of picked fruit was 
secured. All calculations concerning the fruit were based on these data. 
All percentages are percentages of the total number of fruits per tree in 
late August before pre-harvest drop began. 

The data were treated statistically by the analysis-of -variance and analy- 
sis-of-eovariance methods as outlined by Livermore^ and Snedeeor.® 

EESULTS 

The use of lime-sulphur without an insecticide in the pre-blossom and 
calyx sprays caused a small amount of marginal necrosis and considerable 
leaf deformity of the type commonly associated with the use of lime-sulphur 
on immature apple leaves. However, injury did not become severe until 
Mid- July (Table 1) and was first evident as one or more small dead areas 
on the leaf margin, often at the leaf tip. These areas enlarged in the more 
severe eases until a band of dead tissue more or less surrounded a central 
green area. This central area often became yellow and the leaf fell. Some 
leaves yellowed and fell without necrosis. The writer believes that the in- 
jury after Mid- July was due primarily to arsenic. 

The leaf injury varied in severity and time of appearance with the spray 
treatment. Trees sprayed with lime-sulphur in the cover sprays, with or 
without lead arsenate and lime, had considerable leaf injury in July. With 
lime-sulphur alone (Schedule 1), the amount of injury increased in August 
with little further increase in September. With lime-sulphur and lead arse- 
nate (Schedule 2) or with lime-sulphur, lead arsenate, and lime (Schedule 
3), the amount of injury increased in August and September. With flota- 
tion-sulphur paste, lead arsenate, and lime (Schedule 4) or with lead arse- 
nate and lime (Schedules 5 and 6), most of the injury occurred in September. 

The pre-harvest drop began the last week in August when the majority 
of the apples were about two inches in diameter. The cumulative percent- 
age fruit drop and other harvest data are in table 2. 

Lime-sulphur, lead arsenate, and lime in the cover sprays caused a highly 
significant increase in pre-harvest drop over lime-sulphur alone ; lead arse- 

1 J. B. Laboratory exercises in statistical metliods of analysis. (Miraeo- 

graphea.) Cornell University, Department of Plant Breeding. 1939. 

®*^“tistical methods. 422 pp. The Iowa State College Press. 


TABLE 1. Leaf injury on McIntosh apple trees hy f ungicide-insecticide conibination sprays 






a See deseriptioiL of materials and concentrations in footnote to table 1. 

b Sprajed September 17 with ^^Parmone^^ at 1 pint to 100 gallons of spray. The active ingredient in ^^Parinone^^ is naphthalene acetic acid, 
c The differences in total number of fruits per tree are not mathematically significant. 
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nate and lime; and flotation-snlpliur paste, lead arsenate, and lime. The 
data indicate that a heavy hormone application on September 17 was not 
of sufficient value to overcome the effects of the lime-sulphur spray mixtures. 
Perhaps the hormone sprays are less effective in reducing pre-harvest drop 
when the leaves have been previously injured by spray materials. 

Since both leaf injury and pre-harvest drop varied with the spray treat- 
ment and both were greatest where lime-sulphur was used in the cover 
sprays, a covariance analysis of the data was used to determine the degree 
of association between these two variables. Covariance analysis of the effec- 
tive-leaf-surface index on October 1 and the percentage fruit drop up to 
September 30 showed a highly significant negative correlation of - 0.622. 
There were highly significant differences between treatments after correction 
for the ‘‘effective leaf surface’^ on October 1. The data suggest that, in ad- 
dition to the amount of visible leaf injury on October 1, the fruit drop was 
affected by the time the injury occurred, the effect of the sprays on leaf 
efficiency, and the hormone spray applied to 21 of the 42 trees in the experi- 
ment. 

DISCUSSION 

The association between leaf injury and pre-harvest drop shown by the 
correlation coefficient obtained in this experiment is somewhat obscured by 
such variables as the use of the hormone spray on part of the plots. It is 
believed that the excessive dropping of uninjured fruits from these trees 
can be explained almost entirely on the bases of the amount of visible leaf 
injury, the time the injury occurred, and the effect of the s|)rays on leaf 
efficiency. 

The dropping of McIntosh apples before they attain an acceptable degree 
of maturity and a red color is one of the major faults of the variety. The 
data presented indicate that the present trend toward the elemental sulphur 
fungicides will result in less serious losses from pre-harvest fruit drop and 
perhaps decrease the number of cases where a hormone spray will be needed. 

SUMMARY 

Under uniform cultural conditions, the amount of visible leaf injury and 
pre-harvest drop of McIntosh apples varied significantly with the spray 
treatment. Covariance analysis showed a highly significant correlation be- 
tween leaf injury and pre-harvest drop. Both were greatest on trees 
sprayed with lime-sulphur, lead arsenate, and lime in the cover sprays. 
Flotation sulphur, lead arsenate, and lime in the cover sprays caused less 
leaf injury in July and August and less pre-harvest fruit drop than lime- 
sulphur, lead arsenate, and lime. 

The thesis is advanced that the excessive dropping of uninjured fruits 
from these trees can be explained on the bases of the amount of visible leaf 
injury, the time of injury, and the effect of the sprays on leaf efficiency. 

Fruit Eesearch Laboratory, 

' Arendtsvilue, Pennsylvania. 



PHYSIOLOGIC SPECIALIZATION OF PUCCINIA GLUMAEUM 
BEIKSS. AND HENN. IN CHINA^ 

C. T. Fang 

(Submitted for publication April 6, 1944) 

INTRODUCTION 

In a number of wheat growing regions in China, severe losses are sus- 
tained annually through stripe rust, a disease caused by Puccinia glumarum 
Erikss. and Henn. It is now almost universally accepted that the most 
effective and practical method to combat this disease is by breeding or selec- 
tion of resistant varieties that also are desirable in agronomic characters 
(2, 4, 12). Before a breeding program to cope with this disease can be 
effective, however, data should be available on the number of physiologic 
races of rust present and the reactions of varieties of wheat to those races. 
In the present paper, the VTiter brings together the results obtained in de- 
termining physiologic races of Pucoima glumarum Erikss. and Henn. in 
Yunnan, China. Data are presented on the reactions of certain highly resis- 
tant varieties that are valuable for breeding experiments. 

EARLY WORK 

In 1894 Eriksson (5) first recognized 5 specialized varieties of Puccinia 
glumarum. They were Puccinia glumarum tritici on wheat, P. glumartim 
hordei on barley, P. glumarum secale on rye, P. glumarum elymi on Elymus 
arenarius, and P. glumarum agroyyri on Agropyron repens. Prom the later 
investigations of Hungerford and Owens (10), Gassner and Straib (7, 8, 9) 
and others (11, 13, 14), it is known that P. glumarum comprises many 
physiologic races and that they are not so narrowly restricted in host range 
as Eriksson once thought. 

The existence of physiologic races in P. glumarum was first suggested by 
Hungerford and Owens in 1923 (10) . They found that Bromus sterilis was 
resistant to the rust from Hordeum juhatum but susceptible to rust from 
Bromus marginatus and Elymus glaucus. It was possible that two strains 
of Bromus sterilis were used or that two races of the rust were involved. 
Rudorf (12) in his studies on the reactions of 29 wheat varieties to 25 collec- 
tions of P. glumarum from different parts of Europe, found that the races 
of rust occurring in Europe might be distinct from those in the United 
States. A year later, in 1930, 4 races were differentiated on 6 varieties of 
wheat by Allison and Isenbeck (1); and about the same time, 2 distinct 

1 Paper No. 19 from the Division of Plant Pathology, Institute of Agrieultural 
Eeaearch, National Tsing Hua University. This investigation was conducted in coor)ora- 
tion with the National Agricultural Eesearch Bureau, Ministry of Agriculture and For- 
estry. The writer wishes to express his indebtedness to Dr. T. P. Yu for suggestions 
during the progress of the work and to Prof. F. L. Tai for reading the manuscript. 

Phytopathology extends the courtesy of its journal pages to scientists in other coun- 
tries who are persevering in research under difficult wartime conditions and are temporarily 
deprived of the opportunity for membership in the American Phytopathologioal Society. 
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races in the main wheat growing regions of Western Germany were reported 
by Gassner and Straib (7). Extensive surveys on physiologic races of this 
rust have since been made in Europe, United States, and Canada, and at the 
present time more than 50 races have been identified (3, 11, 13, 14, 15) . 

MATERIALS AND METHODS 

The investigations w^ere made in the greenhouse each year from December 
to the end of April, in Yunnan, China. The fungus is extremely sensitive 
to high temperatures, so precautions were taken to keep the temperature 
below 25° C. by proper shading and ventilation. Seedlings at the two-leaf 
stage were inoculated after the method of Hungerf ord and Owens by spread- 
ing the fresh uredospores on the upper leaf surface with a scalpel. After 
inoculation, plants were incubated in moist chambers for 48 hours and then 
transferred to benches in the greenhouse. The stock cultures, originating 
from a single sorus, were kept under lamp chimneys covered with a layer of 
cotton wool to prevent contamination. 

The differential hosts used in these experiments included those used by 
Gassner and Straib,^ and certain other wheat varieties. Most of the rust 
collections were made by the writer in Yunnan. Only 6 of the 54 collections 
studied came from other sources. 

The classification of the infection types and host reaction is the one given 
by Hungerf ord and Owens (10) with the addition of the immune reaction 
of Gassner (See 9) . Six infection types are thus distinguished : i, 0, 1, and 2 
in the resistant class ; and 3 and 4 in the susceptible class. 

identification op physiologic RACES IN CHINA 

In the spring of 1941, 11 collections of the rust, 9 from Yunnan Province 
and 2 from Szechwan Province, were inoculated on 10 available differential 
varieties used by Gassner and Straib (See 9), (Bon Fermier, Carsten Y, 
Chinese 166, Heines Kolben, Michigan Amber, Rouge Prolifique Barbu, 
Strubes Dickkopf, Yilmorin 23, Webster, and HeiFs Franken) . The results 
indicated marked differences in the reactions of some hosts to the rust col- 
lections. Some of these hosts, however, grew poorly under local field con- 
ditions or wei’e of little value as differential hosts for the Chinese rust collec- 
tions. Ten other varieties, selected from varietal resistance tests in China, 
were tested as differential hosts, so that a total of 20 varieties were available 
for further study. Some of the 20 varieties proved not to be differential 
hosts when inoculated with different collections of the rust; and eventually 
only 8 of them were chosen as the standard differential hosts: Carsten V, 
Heines Kolben, Yilmorin 23, HeiPs Franken, 9H77, Hybrid 128, Carina, 
and Michigan Amber. HeiFs Franken is a barley and 9 H 77 is a common 
wheat (Tnfeitm vulgare Host. var. ferrugineum Korn.) from PercivaFs 
world collection. 

2 Thanks are due Dr. H. Becker of Halle University, Germany, for sending us seeds 
of these differential hosts. 


1022 


Phytopathology 


[VoL. 34 


It is important to point out here that the variety Chinese 166/’ one of 
the differential hosts used by Gassner and Straib, is well known as immune 
from or highly resistant to most races of stripe rust in Europe and other 
countries. It was discarded as a differential host by the writer because it 
was extremely susceptible to all rust collections in China. It seems probable 
that the races indigenous to China are different from those in other countries. 

IIp to the spring of 1943, 9 physiologic races from 43 collections of the 
rust have been differentiated on the 8 host varieties. The distribution of 
these 9 races and the infection types they produce on the 8 host varieties are 
in table 1. 

In general, there was a high degree of consistency in the infection type 
produced by each race, and the types recorded in table 1 are based on 4 or 5 


TABLE 1. — Distrib'uUon in China and types of infection produced hy 9 physiologic 
races of Fuccmia glumariim on S different hosts 




Infection type on differential hosts 



Source and num- 
ber of rust 
collections 

Carsten V 

Heines 

Kolben 

Vilmoriii 23 

0) 

*s g 

wS 

9H77 

Hybrid 128 

Carina 

Micliigaii 

Amber 

Race 

desig- 

nation 

Kunming — 6 

4 

4 

4 

i 

3-4 

3-4 

3-4 

4 

01 

Chenkung — 1 

3-4 

0 

4 

i 

0 

0 

2-3 

4 

C2 

Kunming — 18 
Paoslian — 1 
Clienkung — 3 

0 

4 

4 

i 

3 

3-4 

3 

4 

C3 

Gliengtu — 2 
Yungchiang — 2 
Mafong — 1 

1 2-3 

4 

0 


0 

0 

4 

4 

C4 

Tungliai — 1 

Hu ailing — 1 

3 

3 

3 

i 

0 

2-3 1 

i 

0 

4 

05 

Polisi— 2 

Holisi~~l 

Tungliai — 1 

3 

0 

0 

i 

3 

3 1 

0 

4 

06 

Pobsi — la 

i 

i 

i 

4 

i 

i 

i 

4 

07 

Kunming — 1 

3 

3 

3 

1 i 

0 

0 

i 

4 

08 

Kunming — 1 

0 

0 

3 

i 

0 

3 

3-4 

4 

09 


a TMs rust was collected on barley, whereas all other collections were from wheat. 


tests. Since these 9 races are not identical with any of the known ones, they 
are prefixed with the letter ‘^C’/to avoid confusion with the numbered races 
already reported by others. 

Race C 1 is by far the most virulent and it differs from race C 3 in pro- 
ducing type 4 infection on Carsten V. Race C 7, collected from barley in 
the southern part of Yunnan, produced type 4 infection on HeiPs Pranken 
but failed to infect any of the wheat varieties tested except Michigan Amber, 
a variety highly susceptible to all 9 races. On the other hand, none of the 
races originating from wheat could infect HeiPs Pranken. Race C 7 there- 
fore is distinct in its pathogenicity from the rest of the races. Nevertheless, 
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its ability to infect Michigan Amber makes invalid the strict separation of 
specialized varieties of Puccinia glumarum suggested by Eriksson. 

Although the number of collections identified is too small to give precise 
data on the distribution of physiologic races in Yunnan Province, it is evi- 
dent that race C 3 is by far the most prevalent in Kunming district, as it 
occurred in 18 of the 26 collections there. In second place is race C 1, 
identified in about one-fourth of the collections from Kunming district. 

varietal resistance 

During four years, 1487 wheat varieties used in the program for breed- 
ing stripe rust and stinking smut resistant varieties for Yunnan were tested 


TABLE 2 . — The infection types produced hy races Cl and C 3 of Puccinia glumarum 
on 30 resistant varieties of wheat 


Accession 
No .a 

Variety 

Origin 

Infection 
type with 
Cl and C 3 

IB 2 

Triticum monococcum L. var. vulgare Korn. 

U.S.S.E. 

i-0 

30 D 4 

T. dicoccum Selmbl. var. rufescens Pereiv. 

Abyssinia 

0 

2E15 

T. durum 'DQ^t. var. affine Korn. 

Spain 

i-0 

14 E 1 


var. alexandrinum Korn. 

Spain 

i-0 

2H8 

T. vulgare Host. var. erythrospermum Korn. 

India 

i 

2 H 23 

“ 


Persia 

0-2 

6H3 

T.milgare'H.o^i.Yar.Plostianum'Kiom. 

Canada 

i 

6 H 15 

i i 

£ £ 

Persia 

i 

8H2 

1 < 

var. erythrolencon Korn. 

India 

0 

9 H 23 

i < 

var. ferrugineum Korn. 

Japan 

i-0 

9H66 

i { 


Portugal 

i 

9H102 

1 1 

( £ 

Argentina 

i-0 

9 H 125 

£ £ 

£ £ 

U.S.A. 

i 

9H166 

£ £ 

£ £ 

Moldavia 

i-0 

9 H 204A 

£ £ 

£ £ 

Poland 

i-0 

9H216 

£ £ 

£ £ 

Abyssinia 

0-1 

14 H 3 

£ £ 

var. pseudo-harharossa Vav. 

Persia 

i 

21 H15 

£ £ 

var. lutescens Korn. 

S. Africa 

i 

21 H 147 

£ £ 

£ £ 

England 

i-0 

21 H 156 

£ £ 

££ 

Canada 

0 

21 H 187 

£ £ 

£ £ 

England 

0 

21 H 189 

£ £ 

£ £ 

England 

0-1 

23 H 17 

‘ £ £ 

var. velutinum Korn. 

unknown i 

i 

24 H 5 

£ £ 

var. aVboretum Korn. 

India 

i-0 

24 H 6 

£ £ 

£ £ 

India 

0 

24H14 

£ £ 

££ 

Australia 

i-0 

24 H 62 

£ £ 

££ 

Tibet, OMna 

0 

25 H 121 

£ £ 

var. nigro-milturum Korn. 

Spain 

0 

26 H 19 

£ £ 

var. delfii Korn. 

Iraq 

0 

8K3 

T. compacUm Host. var. ruhriceps Korn. 

Cbina 

i-0 


a Accession number of Pereival ’s colleetion. 


for their reactions to races C 1 and C 3 of Puccinia glumarum. In general, 
none of the Chinese wheat varieties tested was resistant in the seedling 
stage. Many foreign wheats also were susceptible. There were, however, 
30 varieties which were either immune from or highly resistant to the two 
races. These varieties together with their origin and the infection types 
produced by stripe rust races C 1 and C 3 are in table 2. 


1024 


Phytopathology 



[VoL. 34 


^ All but 2 of the 30 varieties resistant to races C 1 and G 3 were of foreign 
origin. It seems to the writer that the introduction of foreign inateriaHs 
indispensable for the breeding of stripe rust resistant varieties of wheat in 
China. 


SUMMARY 

Nine physiologic races of Puccima glumanim were identified in 43 collec- 
tions, most of them from Yunnan Province, China. Race separation was 
based on differences in infection type on seven varieties of wheat and one 
variety of barley. Races have been designated as races C 1 to G 9 inclusive. 

Of 1487 varieties tested for their reactions to races C 1 and C 3 of 
Puccinia ghimanm, 30 were either immune or highly resistant. 

National Tsing Hua Uni\/eesitt^ 

China. 


4- 

5. 

6 . 

7 . 

8 . 
9. 


10 . 

11 . 

12 . 

13. 

14. 

15. 
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DISTANCE AS A DOSAGE FACTOB IN THE SPEEAD 
OP DUTCH ELM DISEASE 

George A. Zentmyer, Philip P. Wallace, and 
James G. Horsfall 

(Accepted for publication J une 1, 1944) 

Tlie dissemination of pathogenic fnngi is influenced by many varied 
factors which are seldom subject to statistical analysis, either singly or 
in combination. The Dutch, elm disease fungus [Oeratostomella ulmi 
(Schwarz) Buisman], however, provides an example of an organism whose 
dissemination can be studied statistically by establishing plots around 
isolated infected elms and determining spread outward from these centers. 

This fungus is disseminated in the United States primarily by the smaller 
European elm bark beetle {Scolyhis muUistriatus Marsh.). The principal 
spread oecui’s when beetles emerge from dead or dying diseased elms and 
feed in the twig crotches of nearby healthy trees. Feeding is likely to be 
concentrated on elms in the vicinity of breeding wood. In the process of 
feeding, the beetles may inoculate elms with spores picked up from beetle 
galleries in the diseased elm wood from which they emerged. 

This paper presents a study of this local intensification or ^docal spread^’ 
of Dutch elm disease on plots established under conditions of natural infec- 
tion. Such data have two main applications : 

1. The probabilities of infection occurring at varying distances from 
diseased elms have immediate and important application in local control 
measures. General statements have been made that local spread of the 
disease is usually not important beyond distances of from 300 to 500 feet, 
but no critical examination of this problem has been reported. 

2. An opportunity is provided for determining the dose-response rela- 
tions in dissemination of a pathogenic vascular fungus. Research in various 
fields of biology has shown that typically the response bears a linear relation 
to the logarithm of the dosage. This is true whether the response is mea- 
sured as inhibition of germination of fungus spores when subjected to vary- 
ing dosages of fungicide, or as disease response in relation to varying dosages 
of spores, or as response of experimental animals to doses of drugs. 

Data by Dimond et al. (3) and Heald (6) furnish examples of applica- 
tion of the dose-response principle to plant pathology. Dimond et aL in- 
vestigated extensively the relation between dosage of fungicide and response 
in incidence of disease or inhibition of spore germination. These factors 
show a rectilinear relation when plotted on logarithmic probability paper, 
indicating that the probit of the response varies directly with the logarithm 
of the dosage. Calculation of data given by Heald demonstrates that the 
percentage infection (as probits) for stinking smut of wheat increases with 
the logarithm of the number of spores on the grain. 

In the present study, the '‘response’’ is measured in terms of numbers 
of newly infected elms, and the distance of the new infections from the 
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disease center constitutes the “dosage” factor, as it can be accurately mea- 
sured while spore dosage cannot in this case. This provides an opportunity 
for determining the relation between distance and dosage in the inoculum 
potential complex. 

It seems advisable to expand the original definition of inoculum potential 
as given by Horsfall (7, p. 5) and consider it as “the disease-producing 
power of the host environment,” assuming, of course, that pathogens con- 
stitute^ a part of that environment. Other things being equal, inoculum 
potential is a function of the dosage of spores. It can be assumed that the 
dosage of spores normally decreases with distance from the source of inocu- 
lum, whether the spores are disseminated by beetles, wind, or some other 
vector. ^ In spread of Dutch elm disease, therefore, if it is shown that re- 
sponse in percentage infection, as probits, decreases with the logarithm of 
the distance, then the inverse of distance can be substituted for dosage in 
the typical dose-response relation. Distance, therefore, could be consid- 
ered to have an effect inversely equivalent to that of dosage of spores. 

METHODS 

^ To obtain pertinent information on the probability of infection by spread 
of the fungus froin diseased elms, isolated, naturally infected trees were 
selected as centers for three plots in ividely separated woodland and road- 
side areas in Fairfield County, Connecticut. Long distance dispersal of 
contaminated beetles by wind probably led to infection of these isolated 
tms. The experimental design for these plots included several requisites: 
(1) a single naturally diseased tree at the center of each plot, as a source 
of inoculum; (2) a distribution of healthy elms in the vicinity approaching 
randomness; (3) separation of the plots from other diseased elms by at least 
one-half mile; (4) consideration of primary infections only, so that spread 
from subsequently infected elms in the plot would not confuse the picture • 

( ) uniformly high level of Scolytus beetle infestation on diseased trees at 
plot centers; and (6) freedom of plots and immediate vicinity from beetle 
breeding wood. 

When first observed in the summer of 1941, each of the naturally infected 
elms at the center of each plot was severely diseased, and 8. nmltistriatus 
adults were emerging from them. Some emergence undoubtedly occurred 
also during 1940. By the spring of 1942, all three trees had died from the 
Dutch elm disease. The diameters (D.B.H.) of these original infected trees 
were : plot 1, 18 inches ; plot 2, 38 inches ; and plot 3, 24 inches. Beetles 
emerged from secondary infections in 1942, so that disease appearance after 
1J4^ could not be attributed to spread from the original diseased trees. 

• August and September, 1942, data were taken on subsequent 

infections resulting from spread of the fungus on these plots. All elms 
within approximately one-quarter mile of the diseased tree at each plot 

foliar symptoms of disease, and all elms within a 
3L0-toot radius of the original diseased tree were mapped and data were 
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taken on new infections. Trees suspected of being diseased were sampled 
and laboratory cultures were made by the usual technique. 

RESULTS 

The proportion of infected trees on the plots decreased with the distance 
from the source of inoculum, as might be expected (Fig. 1, Table 1) . Inten- 



X -ORIGINAL DISEASED TREE 
o -SUBSEQUENT INFECTIONS 
I « =HEALTHY TREES 

Fig. 1. Diagram showing spread of Dutch elm disease from infection center (X). 
The diagram combines data from three plots j on each of them, at ‘^X/’ was an isolated, 
infected elm. 

sification of the disease in the immediate vicinity of the original infections 
was very marked. Seventy-five per cent of the new infections appeared 
within 100’ feet of the original diseased trees ; 40 per cent of the trees within 
75 feet of the plot centers became diseased. The maximum distance of 
spread was 180 feet. 

Fourteen diseased elms resulted from the spread of 
from the original diseased tree on plot 1 in Norwalk, 8 new infections ap- 
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_ . Dutch elm disease from single trees, naturalhi 

on uolated plots m Fairfield County, Connecticut », nanirauy infected, 


Plot 

Distance from 
original dis- 
eased elm 

Mean distance 
of all elms 
within group 

Total 

elms 


Feet 

Feet 

No. 

1. 

0.0- 25 

13.3 

5 

Noi”walk 

25.1- 75 

44.0 

12 


75.1-175 

124.8 

20 

.. 2. 

175.1-320 

0.0- 25 

254.0 

19 

0 

17 

New Canaan 

25.1- 75 

57.6 


75.1-175 

1 108.4 

39 


175.1-320 

242.8 

21 

0.0- 25 

17.4 

4 

Fairfield 

25.1- 75 

57.2 

8 


75.1-175 

127.2 

18 


175.1-320 

222.0 

32 

Totals for all 

0.0- 25 

15.2 

9 

3 plots 

25.1- 75 

53.2 

37 


75.1-175 

117.2 

77 


175.1-320 

236.5 

72 

195 


Elms becoming dis- 
eased by 1942 


iVo. 

4 

7 

3 

0 


2 

5 

1 

4 

1 

1 

0 

8 

10 

9 

1 

28 


■Per cent 
80,0 
58.3 
15.0 
0.0 


11.8 

13.1 

4.5 
100.0 

12.5 

5.6 
0.0 

88.9 

27.0 

11.7 

1.4 

14.4 


peared on plot 2 in New Canaan, and 6 new infections on plot 3 in Fairfield. 
9 ^ 3! f classified into the following distance groups: 0 to 
- , O. 0 75, 75.1 to 175, and 175.1 to 320 feet from the plot center. When 
the mean distances (12.5, 50, 125, and 247.5 ft.) were plotted against the 
average percentage infection for all three plots on logarithmic probability 
paper, a linear relation was evident, indicating that the probability of infec- 
tion decreased with the logarithm of the distance from the disease source. 

of statistical analysis of data from Dutch elm disease spread 


Variation 

n 

■ x" 

P 

Between means of plots 

Between slopes of plots 

About plot curves 

2 

2 

5 

9 

2.431 

5.401 

3.664 

11.496 

0.29 

0.067 

0.59 

0.24 

Total 



Slope Dc equals -2.504 
degression equation: Y = 8.865 - 2.504X 


» A copy of the statistical data and caleulations'may be obtained on request 

ratelv^ ‘pbo statistically,^ considering each plot sepa- 

n + 7 distances of trees within each distance group were calcu- 

lated, and the data corrected by the use of weighted probits (1). The slopes 

LlSulatef plots combined were 

calculated, and the significance of the variations between the slopes, between 

t e position of the lines, and about the curves was found by applying a Chi- 

^ The writers are indebted to Dr. 0. 1. Bliss for assistance with statistiell techniques 
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square test (1). Significance of the comparisons of variations was judged 
at a probability level of 1 to 20 (P == .05). 

The results of the analysis are shown in table 2. The differences between 
the positions of the curves (between means of plots) were not significant 
(P = .29), nor were the differences between the slopes, although the latter 
approached significance (P = .067). Variations about the plot curves were 
far from significant. A combined slope (be) and regression equation thus 
may be used to describe the results of the study. 

The combined slope ^'bc’^ was calculated loj the usual formula and was 
found to equal - 2.504. The regression equation Y = y + be (X - x) thus be- 



DISTANCE(Feet) FROM ORIGINAL DISEASED TREE 

PLOT 1=0 ,2= •, 3-© 

Pig-. 2. Eegression curve calculated from Dutcli elm disease spread data, plotted on 
logaritRmie probability scale. Points along tbe calculated line are observed infection per- 
centages for the mean of each distance group on each of the three plots. 

comes Y = 8.865 - 2.504X. The regression curve plotted from this equation 
is shown in figure 2, with the observed points for percentage infection on 
each plot at the mean distance for each grouping also shown. 

Prom the regression line (Fig. 2) it is apparent that when all probabili- 
ties are combined the chances of infection for an elm within 25 feet of the 
original diseased tree were about 6 in 10. At 50 feet the chances were about 
3.5 in 10; at 100 feet, 1 in 10 ; at 300 feet, 1 in 100. The accuracy of extra- 
polated values is particularly enhanced by the precision of the calculated 
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regression line, and it can be seen from the graph that the probabilities of 
infection at 500 feet were abont 1 in 500, and at 1,000 feet they were approxi- 
mately 1 in 10,000. 

Inspection of the composite map (Fig. 1) revealed a considerably larger 
percentage of new infections in the north half of the plots than in the south 
half. Of 65 elms in the north half, 18 or 27.7 per cent became infected, as 
contrasted to 10 infections in 130 elms (7.7 per cent) in the south half. 
When the data were adjusted for the difference in initial population and 
were analyzed statistically by a Chi-square test, the difference between the 
percentage of infections in the north and south halves of the plots was highly 
significant (x^ between means equals 5.526, n-1, P = .01). The slopes 
are practically parallel (y^ between slopes = .011, n = 1, P = .92). 

Calculation of the relative level of infection (antilog M) (9) demon- 
strated that the spread of infection to the north was twice as great as to the 
south of the plot centers (antilog M = 2.0 ± .7, M ± Sm = .301 ± .15597) . 
For example, where the distance for 50 per cent infection on the north was 
50 feet, that on the south was 25 feet. The between means and the com- 
parison of M with its error reveal that the difference between north and 
south is just significant according to statistical measures. 

DISCUSSION 

This e\ idenee that the probability of infection in Dutch elm disease 
decreases linearly with the logarithm of the distance from the source of 
inoculum provides further data on the relation between dosage and response 
in biology. The premise that the distance from a source of inoculum might 
be considered to bear an inverse linear relation to dosage of .spores is sub- 
stantiated. Since the mechanism of penetration is via beetle feeding punc- 
tures, the number of punctures Avould be expected to decrease also as the 
distance increases logarithmically. When data presented by Wolfenbarger 
and Jones (10) are plotted on logarithmic probability paper this is the case. 
Essentially the main factor determining the response, however, is the effec- 
tive spore dosage reaching the tree, regardless of the vector. 

If distance acts similarly to dosage, this relation should appear in other 
work. Re-calculation of data presented by MeCallan (8) shows that the 
percentage germination (as probits) of ScUrotmia americana conidia at 
varying distances from a drop of Bordeaux mixture on a glass slide in- 
creased with the logarithm of the distance. Also, when data of Bonde and 
Schultz (2) were plotted on logarithmic probability paper, the percentage 
(as probits) of potato late blight in a field decreased with the logarithm of 
the distance from infected refuse piles. Hence the same laws are operating 
whether the distance factor is concerned with the amount of Dutch elm 
disease, beetle feeding punctures on elm, the effectiveness of Bordeaux 
mixture, or spread of potato late blight. Distance in all of these cases 
follows the same dose-response principle as do dosages of spores in pro- 
ducing disease, or of fungicides in preventing di.sease. 
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Fraiiipton, Linn, and Hansing (5) presented data on the spread of the 
yellow-dwarf virus into potato fields and of the aster-yellows virus into 
endive beds. Data from some of these fields, when replotted on logarithmic 
probability paper, follow the log-probit dose response relation. Data from 
other fields do not follow this relation, hoAvever ; the types of curves obtained 
with these indicate that complicating factors such as multiple sources of 
inoculum may be affecting the spread pattern. 

These data also furnish information of significance in control of a specific 
disease. Elm owners wish to know the probabilities for infection in a group 
of elms at a given distance from a source of inoculum such as a diseased tree 
or a pile of infested -wood. Control officials are concerned from the point 
of view of the distance (width of local control zone), required for a low level 
of infection. The elm owner is interested in the probabilities of infection 
at a given distance. The control official wdshes to know the distance for any 
given probability of infection. Either can be obtained by interpolation on 
a regression line, as in figure 2. Both are determined by two characteristics 
of the regression line : position and slope. 

The position of the line should be governed by: (1) the amount of fungus 
inoculum present, (2) number of beetles, (3) number of elm trees and the 
randomness of their distribution. "With an increase in the amount of fungus 
or number of beetles, or a decrease in the number of elms, the regression 
curve should shift to the right.^ Under these conditions the width of the 
protective zone should be wddened and the probability of infection at any 
given point wnuld increase. Under opposite conditions the regression line 
should shift to the left and the probability of infection at any distance would 
decrease. 

The slope of the regression line will presumably be altered by various 
site, topographical, and weather factors, and by extraneous factors such as 
the presence of devitalized or dying elm wood which wnuld attract beetles 
for breeding sufficiently to change expected infection percentages. If the 
elm distribution does not approach randomness, these generalizations will 
undoubtedly be confused. 

Local spread is not restricted to the relatively short distances found here 
by limitation in flight or dispersal of the vector. The distance of occasional, 
chance dispersals of Scolytus multistfiatus is known to be more than two 
miles and may in some instances extend to greater distances. 

Wind is apparently a factor in the long distance dispersal of 8. muUi- 
striatiis adults (4), and hence in the spread of Dutch elm disease. The cur- 
rent data indicate that wdnd also influences local spread. The difference 
between the relative amount of infection in the north and south halves of 
the combined plots was significant; wind was probably the main factor 
responsible for this difference. The prevailing winds are from the south 
in the plot localities during months of beetle emergence. These results 

2 Bata of Wolfenbarger and Jones (10) tend to confirm this. Plotting their data on 
logarithmic probability paper showed displacement of the regression line to the right when 
five times as many beetles were present, but the slope of the line was not affected. 
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demonstrate the importance of exposure and topography in determining 
the width of local control zones. 

The data for these three plots and a discussion of the factors which affect 
local spread of Dutch elm disease provide useful information for estimating 
protective barrier zones in local control. It should be recognized that com 
siderable variation in probabilities of infection can be expected with varyino- 
local conditions and that these calculated probabilities apply only to the 
average conditions on these 3 plots. 

SUMMARY 

Statistical analysis of data from 3 plots to study spread of the Dutch 
elm disease from large, naturally infected elms showed that the probability 
that a tree will become infected decreased directly with the logarithm of the 
distance from the disease source. The spread of this pathogenic fungus 
(Ceratostomella iilmi) therefore is in agreement with the dose-response 
relation that occurs in many fields of science. Since a rectilinear relation 
exists between the logarithm of the distance and the percentage infection 
(as probits), distance from a source of inoculum has an effect inversely 
equivalent to that of dosage of spores. 

By calculating regression equations for each plot and comparing the 
variations by a Chi-square test, the data were found homogeneous; the 3 
equations could be combined to give one regression line to describe the ob- 
servations. This calculated line is useful in determining probabilities of 
infection of trees at varying distances from the disease source, and thus has 
significance in local control measures. 

Intensification of disease was very marked in the immediate vicinity of 
the original infected elms. Seventy-five per cent of the new infections on 
the 3 plots were within 100 feet of the original diseased trees ; 40 per cent of 
the elms within 75 feet of the disease soui'ce became infected. 

The distance of dissemination of the fungus to the north of the plot 
centers was approximately twice that to the south ; the distance for 50 per 
cent infection on the north was 50 feet, on the south, 25 feet. Statistically, 
the difference in amount of infection for the two halves was at the margin 
of significance. Prevailing south winds during beetle emergence apparently 
caused this divergence. 

Department OF Plant Pathology AND Botany, 

Department op Entomology, 

Connecticut Agricultural Experiment Station, 

New Haven, Conn. 


LITERATURE CITED 

1. Buss, C. I. The determination of the dosage mortality curve from small numbers. 

C^uart. Jour. Pham, and Pharmacol. 1 ; 192-216. 1938 
.. bonds, B and E 8. Schultz. Potato refuse piles as a factor in the dissemination 
of late blight. Maine Agr. Exp. Sta, Bull. 416. 1943. 


1033 


1944] Zentmyer et al. : Distance and Disease Spread 

3. Dimond, a. E., J. G. Horsfall, J. W. Heuberger, and E. M. Stoddard. Role of the 

dosage-response curve in the evaluation of fungicides. Conn. Agr. Exp. Sta. 
Bull. 451. 1941. 

4. Felt, E. P. Bark beetles and the Dutch elm disease. Jour. Econ. Ent. 28: 231-236. 

1935. 

5. Frampton, y. L., M. B. Linn, and E. D. Hansing. The spread of virus diseases of 

the yellows type under held conditions. Phytopath. 32: 799-808. 1942. 

6. Heald, F. D. The relation of spore load to the per cent of stinking smut appearing 

in the crop. Phytopath.il: 269-278. 1921. 

7. Horsfall, J. Gr. Dusting tomato seed with copper sulfate monohydrate for combat- 

ing damping-off. N. Y. (Geneva) State Agr. Exp. Sta. Tech. Bull. 198. 1932. 

8. McCallan, S. E. a. Studies on fungicides. III. The solvent action of spore excre- 

tions and other agencies on protective copper fungicides. Cornell tlniv. Agr. 
Exp. Sta. Memoir 128 : 25-79. 1930. 

9. Miller, L. C., C. I. Bliss, and H. A. Brown. The assay of digitalis. I. Criteria 

for evaluating various methods using frogs. Jour. Amer. Pharm. Assoc. 28: 
644-657. 1939. 

10. WoLFENBARGER, D. 0., and T. H. Jones. Intensity of attacks by Scolytus multi- 
striatus Marsh, at distances from dispersion and convergence points. Jour. Econ. 
Ent. 36: 399-402. 1943. 


STANDARD AND NEW FUNGICIDES FOR THE CONTROL OP 
COVERED KERNEL SMUT OP SORGHUM AND 
THEIR EFFECT ON STAND^ 

E. B. Han SING and L. E. Melchers 
(Accepted for x3ublieation June 15, 1944) 

The soi'g'hiim grower in the Sontherii Plains area of the United States 
is eonstantly confronted wdth the problem of obtaining satisfactory stands 
of plants free from covered kernel smut. Experiments at the Kansas Agri- 
cultural Experiment Station (1, 4) were the first to demonstrate that chemi- 
cal dust treatments were more satisfactory than wet treatments for the con- 
trol of covered kernel smut. Treatment of sorghum seed soon became an 
adopted farm practice on a large acreage in Kansas and other sorghum- 
producing areas. Copper carbonate and New Improved Ceresan, the fun- 
gicides most often recommended, have satisfactorily controlled smut and 
are of value in promoting good stands, but they have some limitations. 

Wlien unsatisfactory environmental conditions prevail between the date 
of planting untreated sorghum seed and emergence of seedlings, the per- 
eentage stand of plants is reduced considerably. Fearing poor stands, the 
grower generally sows more sorghum seed than is desirable. This may 
give a good stand under unfavorable environmental conditions ; on the other 
hand, wdien environmental conditions are favorable, too heavy a stand is 
obtained, which is detrimental under conditions of average or below average 
precipitation. Fungicides that will stabilize the stand ivhen a recommended 
rate of seed is planted are desirable, esf)ecially wFen they also control smut. 
The use of such fungicides would enable the grower to conserve seed and to 
determine more accurately the rate of seeding based on laboratory seed ger- 
mination tests. 

An experiment was designed to learn what chemical dusts achieve satis- 
factory control of covered kernel smut, promote better stands than the dust 
fungicides commonly used, and improve the vigor of the seedlings, especially 
when in cool, moist soils. Corona Coppercarb and New Improved Ceresan 
(5), with the new fungicides Arasan, Spergon, and DuBay 1452-C, micro- 
nized free-flowing sulphur, and micronized wettable sulphur were used. 
The sulphur dusts were of immediate importance because of the wartime 
critical shortage of copi:)er. 

Pink kafir sorghum seed, with a laboratory germination of 93 per cent, 
was inoculated with covered kernel smut at the rate of 1 gram of spores 
to 200 grams of seed. On April 20, 1943, separate portions were treated 
with the inorganic fungicides, micronized free-flowing sulphur, micronized 
wettable sulphur, and Corona Coppercarb, each at the rate of 3 oz. of the 
chemical dust per bushel of seed. Similar portions of seed were treated with 
nmJ HtatVoii Department of Botany, Kansas Agriciiltnral Experi- 
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tlie ^‘nonvolatile’’ organic fungicides Arasan and Spergon at 2 and 3 oz. 
per bushel, respectively, and with the volatile organic fungicides New Im- 
proved Ceresan and DuBay 1452-C (7.7 per cent ethyl mercury-p-toluene 
sulfonanilide), each at oz. per bushel. 

Two days later four 20-grain lots of seed from the untreated sack and 
from each of the treated sacks were planted in the field in randomized 
75-foot rows. Each treatment was replicated four times. The seed was 
planted at an earlier date than sorghum seed is usually planted at Man- 
hattan to increase the probability of there being environmental conditions 
unfavorable for seed germination between planting and emergence of the 
seedlings. This earlier date of planting would generally give greater com- 
parative differences in stand of plants between treatments than would later 


TABLE 1 . — Effect of seed treatment on the stand of sorghum plants and on the control 
of covered Icernel smut.*^ Manhattan, Kansas, 1943 



Rate 

Av. emergence 

Final stand of plants 

Stscil Li 

per 

bu. 

of plants 

Mature 

Smutted 


Os'. 

No. 

Per cent 

No. 

No. , 

Per C€7iP^ 

No treatment 


360 

34 

457 

251 

56.8 

Micronized free-flowing sulphur 

3 

366 

34 

451 

4 

0.9 

Micronized wettable sulphur 

3 

367 

35 

458 

7 

1.3 

Corona Coppercarb 

3 

609 

57 

569 

24 

4.2 , 

Arasan 

2 

713 

67 

560 

2 

0.4 

Spergon 

3 

749 

71 

561 

2 

0.4 

New Improved Ceresan . . 

A 

657 

62 

556 

0 ' 

0.0 

DuBay 1452-Cc 


648 

61 

533 

0 

0.0 

Difference necessary for signifl- 
cance: 

5 per cent level 


85 




5.0 

1 per cent level 


116 




6.8 

0.1 per cent level 


156 




9.2 


a Seed treated April 20 and planted April 22; emergence notes taken May 26 to 27; 
plants thinned May 28 to 29 ; smut notes taken September 1. 

b Average of percentages. 

c 7.7 per cent ethyl mercury-p-toluene sulfonanilide, 

plantings. Stand counts were taken five weeks later when the plants were 
several inches tall. The data were analyzed statistically by analysis of 
variance. 

There was no significant difference in stand of plants from seed which 
was untreated (34 per cent) and that w^hich was treated with either of the 
sulphur fungicides (34 per cent and 35 per cent) (Table 1). There was 
no apparent beneficial or detrimental effect due to the sulphur seed treat- 
ments. This substantiates the earlier work of the writers and other inves- 
tigators (1, 2, 3, 4, 6) in which similar stands of plants were obtained from 
untreated seed and seed treated with sulphur. 

The stand of plants for Corona Coppercarb was 57 per cent ; for Arasan, 
67 per cent; for Spergon, 71 per cent; for New Improved Ceresan, 62 per 
cent ; and for DuBay 1452-C, 61 per cent (Table 1). The increase in stand 
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from seed treated with either Corona Coppercarb or any of the oro'anie 
fungicides over untreated seed was highly significant. In this experiment 
the stands of plants for the treatments Spergon and Arasan were the hioli 
est, each being significantly higher than that for Corona Coppercarb and 
together being significantly higher than for New Improved Ceresan and 
DuBay 1452-C. Recently better stands from seed treated with Sper^^on 
and Thiosan (Arasan) than from seed treated with New Improved Ceresan 
have been obtained elsewhere (2). DuBay 1452-C was about equal to New 
Improved Ceresan m increasing the stand of sorghum plants in the exneri 

ments at Manhattan (Table 1 ). p i- 

After the stand counts were taken the plants were thinned to approxi- 
mately 7-meh intervals. When the plants headed, notes were taken on the 
total stand and on the number of smutted plants. Percentages were calcu- 
lated and the data were analyzed statistically by analysis of variance The 
smutted plants for the untreated checks averaged 56.8 per cent, for Corona 
Coppercarb 4.2 per cent, and for the other treatments from none to 1.3 per 
cent (Table 1). The difference between the percentages of smutted plants 
for the untreated cheek as compared with any of the fungicide treatments 
was highly significant. There was no significant difference in the percent- 
age of smutted plants for any of the fungicide treatments. 

Summing up the results of this experiment, the fungicides Spergon 
Arasan, New Improved Ceresan, DuBay 1452-C, and Corona Coppercarb 
were satisfactory in increasing the stand of sorghum plants. The two 
sulphur fungicides had neither an apparent beneficial nor a detrimental 
effect on the stand of sorghum. All of the fungicides used effectively con- 
rolled covered kernel smut. Thus, several efficient, economical, and prac- 
tical seed disinfectants are available other than those in which copper and 
mercury are the active ingredients. This matter is important bec.ansp of 


STEAINS OF PEUNE DWAEP^ 

R. S. WiLLlSON 
(Accepted for publication June 24, 1944) 

In recent years prune dwarf, attributable to Prunus virus 6 (13) or 
Nanus pruni H. (10), has been observed at widely separated points in the 
United States and Canada (9) . First discovered in New York State in 1930 
and reported in 1936 by Thomas and Hildebrand (14), it has since been 
observed in the Niagara Peninsula of Ontario in 1937 (1) and in the Pen- 
ticton district of British Columbia in 1938 (12). Hitherto prune dwarf has 
been found in a recognizable form in nature, only on Italian prune (12, 14), 
and on Italian prune topworked on Damson (1, 8), Hildebrand (8) not 
only has demonstrated that Damson could carry the virus without showing 
symptoms but also has transmitted prune dwarf by budding to several 
prune type plums, to Lombard plum, and to peach, but not to cherry. The 
present article, by comparing symptom expression on a series of common 
hosts, submits evidence that two viruses from naturally infected sweet cherry 
and two from plum or prune are in reality four strains of prune dwarf virus. 


SOURCES 

The disease was first discovered in Ontario in an orchard near Grimsby, 
where Damson had been topworked to prune. Preliminary indexing on 
peach seedlings gave some not very convincing signs of transmission. Strain 
1 was obtained in 1939 from Italian prune, originally from the same orchard, 
that had been grafted on Damson in a neighboring orchard. Grand Duke 
plums on Damson in this orchard were apparently healthy. 

Strain 2 came from the Beamsville district in 1939, from an unknown 
variety of blue plum with striking symptoms of prune dwarf after being 
topworked on Damson. Italian prune on Damson at the same location was 
also typically affected in some instances but not in others, indicating that 
some of the Damsons w^ere healthy. 

The two viruses procured from sweet cherry are designated, for conveni- 
ence, as strains 3 and 4 of prune dwarf, but for the time being they should 
be regarded as causing separate diseases. Strain 3, which causes Elkhorn 
ring spot (9), was found in a garden near St. Catharines in 1940 on a tree 
of the Elkhorn variety, some leaves of which were marked with small ring 
spots often with necrotic centers, and with larger rings and blotches (Pig. 
3, J), while the fruit had small sunken areas and internal brown spots. The 
leaf symptoms in the illustration are somewhat exaggerated, being photo- 
graphed with transmitted light. The tree was symptomless in 1941, but, as 
there was no way of knowing how long it had had the disease, it was impossi- 
ble to decide whether the striking symptoms of 1940 were due to the cool, 

1 Contribution No. 777 from tbe Division of Botany and Plant Pathology, Seieneo 
Service, Department of Agriculture, Ottawa, Canada. 
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wet season or to the initial shock of infection. Both the shock effect and the 
influence of temperature on symptom expression have been noticed in con- 
nection with other viroses on Prunus hosts (1, 5, 6, 11). 

Strain 4, responsible for Eagle mottle (9), was picked up in 1940 near 
Niagara Palls on sweet cherry, variety Black Eagle. The owner’s cause of 
complaint was the tree’s unfruitfulness for several seasons. The only other 
sjmiptom observable in June, 1940, was an inconspicuous foliage mottle. 

A fifth strain was obtained from Damson trees in an orchard near AVinoua 
in 1940 but has not been used in these experiments because preliminary trials 
indicated close relationship with strain 1. 

EXPERIMENTAL HOST RANGE 

In the experiment, 14 host varieties, together with seedlings, were used, 
namely: Prunus domestica var. Italian prune, German prune, Lombard, 
Reine Claude, and Grand Duke ; P. salicina var. Abundance ; P. -persica var. 
Elberta, Rochester, and seedlings ; P. cerasus var. Montmorency ; P. avium 
var. Napoleon, Black Tartarian, Black Eagle, and Elkhorn; P. armeniaca 
var. Niagara ; P. cerasifera, Myrobalan seedlings ; and P. mahaleh, seedlings. 

METHODS 

The complete series of inoculations was es.sentially the same for each of 
the four strains and was developed over a period of three years as illustrated 
in figure 1. In 1940 and 1941, triplicate series of seedling peaches of the cur- 
rent year’s growth were double-budded, first with a bud carrying the virus 
stra,in under investigation and then with a bud of the desired “healthy” 
variety. In 1942, direct inoculation on 2-year nursery stock, in duplicate, 
was employed for some varieties and double-budding, in triplicate, for 
others (Pig. 1). Throughout the double-budding experiments, each of the 
“healthy” varieties was of clonal origin indexed as required. The results 
of indexing are not shown in the chart (Pig. 1) but the dons ivere healthy 
except as noted. The nursery stock varieties were obtained direct from a 
local nursery and were thus of unknown history and without definite proof 
of health. Because of the possibility of the occurrence of masked viroses in 
certain stone fruits, the use of unindexed nursery stock is not entirely satis- 
factory and the lack of the necessary seedlings unfortunately made it im- 
possible to index the 196 individuals in the plantation. However, no indi- 
cations of virus disease were apparent in the nursery stock during the 
summer of 1942. The plums and peaches in this block showed no signs of 
prune dwarf in 1943 except where inoculated with one or other of the four 
strains and so could be assumed to have been healthy so far as that disease 
was concerned. Half the cherries, both in the four prune-dwarf series and 
m series inoculated with other viruses, were indexed in 1943 on peach and 
Italian prune (Pig. 1) to verify transmission and to test the purity of the 
transfer. 

The double-budding technique was in some respects better than the inocu- 
lation of larger trees because, besides facilitating indexing and the use of 
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clonal stock, it tended to give an earlier expression of symptoms. There was, 
however, some difficulty in getting one or two of the plum varieties to grow 
on peach stock, while the cherries failed to grow on peach and were somewhat 


©"HEALTHY" 

® NO SYMPTOMS 
© SYMPTOMS, SLIGHT OR DOUBTFUL 
• DEFINITE SYMPTOMS 
® NO SHOOT 


ITALIAN PRUNE 


LOMBARD 


ROCHESTER 


ELBERTA 


/NAPOLE( 


SOURCE 

A-^ 


A#^ 

ELBERTA 


1941 \ ♦ 



/ w<, 

BLACK 

TARTARIAN 


\ 

\ ' 




^ - "Prune 

- - -A 

ABUNDANCE 


iHAA A 

\ GRAND DUKE 


O PEACH 
A PLUM 
V CHERRY 
□ APRICOT 


REINE CLAUDE 

PRUNE DWARF 
INOCULATIONS 
1939-1943 


ELKHORN 

/ BLACK EAGLE 


MAHALEB 


NIAGARA 


Fig. 1. Typical inoculation scheme tracing the transmission of a strain of prune 
dwarf from the original source through sub -inoculations and showing the varieties tested 
and the development of cions in '‘the double-budding ' ' experiments.^ All sets of inocula- 
tions in triplicate except on nursery stock in 1942 which were in duplicate. 

micertam even on Mahaleb. The failure of inserted diseased buds to pro- 
duce shoots did not prevent transmission of the virus, even where the whole 
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graft-piece died during the winter. As all budding was done in August or 
early September, the phrase ‘'the first season'’ refers not to the year of 
budding but to the next following. 

SYMPTOMATOLOGY 

The effects of the four strains on the various hosts of the range are com- 
pared in synoptic form in table 1. 

On Italian prune . — ^All four strains produced the characteristic symp- 
toms of prune dwarf. One of the earliest indications of transmission was a 
delay in the opening of buds. Leaves, as they developed, became strap-like, 
narrow, somewhat thickened, and sometimes emarginate, with roughened or 
pebbled surfaces and frequently a fine mosaic mottle (Pig. 2, A). Affected 
leaves and shoots were smaller than normal. Symptoms appeared in the 
first season in the double-budding experiments but not on the nursery stock 
except when the inoculated branch was cut back and then only near the point 
of inoculation. Some differences in severity of reaction were noted, strains 
2 and 4 being more severe than strains 1 and 3. For example, prune buds 
in the 1940 experiment with strain 2 put out in the spring of 1941 severely 
affected and dwarfed shoots which died during the summer. Prune shoots 
inoculated at the same time with strain 3 have survived for at least three 
seasons though showing quite striking symptoms annually. The symptoms 
of the two cherry strains, 3 and 4, on Italian prune are shown in figure 2, 
E and G. 

On German prune . — ^With strains 1, 3, and 4, some transient mild mottle, 
followed by whitish or chlorotic areas on some leaves, was observed in the first 
season. No symptoms were evident in the second season. With strain 2, 
however, the mottle was accompanied by a slight distortion and blistering of 
early leaves, while faint patterns mostly of the oak-leaf type appeared in 
June (Fig. 3, K) . The latter symptoms occurred again in the second season. 

On Lombard plum.— On nursery stock, all strains caused slight chlorotic 
flecking and spotting early in the season and dwarfing of shoots, localized 
near the inserted diseased buds. Where the inoculated branch Was cut back 
to the bud, the dwarf shoots bore leaves very much like those of affected 
Italian prune (Pig. 2, D). Strain 2 was more nearly systemic in its effects 
and in addition to the localized symptoms caused a variety of chlorotic 
patterns such as lines, rings (Fig. 2, C) and marginal V-shaped blotches, and 
some necrotic spotting, while many leaves were distorted by twisting, asym- 
metry, and pronounced waviness of the laminae, frequently associated with 
the chlorotic areas (Pig. 2, B). Some shortening of internodes tended to 
give the new growth a semi-rosetted bunchy appearance in the late summer. 

On Seine Claude plum.— In the 1940 and 1941 experiments with strains 
1 and 4, Eeine Claude showed no symptoms beyond a slight delay in foliation 
* and slight dwarfing in the first season only. Strain 3 had no apparent effect. 
With strain 2, however, growth has been stunted and oak-leaf and coarse line 
patterns of varying intensity have appeared in June and July for at least 
three seasons. 
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Pig. 2. A; Typical symptoms of strain 1 on Italian prune; B, C: strain 2 on Lom- 
bard showing wavy margins (B) and marking and narrowing of leaves (0) ; D: strain 4 
jii Lombard; E: strain 3 on Italian prune; P: strain 1 on peach seedling: G: strain 4 
oil Italian prune. 
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On Grand Duke plum, — Only strains 1 and 2 were used for inoculating 
Grand Duke in 1942. This variety was little affected by 1, traces of mottle 
and ring spotting appearing on the first few leaves. Strain 2, though having 
little or no effect on vigor, produced quite striking line patterns and some 
oak-leaf which persisted throughout the summer (Fig. 3, L). 

On Abundance plum ,- — ^Although a few, faint, transient, pale green rings 
appeared on the first few leaves of one Abundance shoot inoculated with 
strain 1 and faint chlorotic areas on other plants inoculated with strains 1, 
3, and 4, these symptoms were too illusive to be diagnostic. Evidence of 
transmission of strain 2 was only slightly more satisfactory, as traces of oak- 
leaf and other patterns were observed on the younger leaves in July. In 
1943, therefore, healthy Italian prune buds were grafted in the Abundance 
to test for the presence of prune dwarf. Eesults of this budding of course 
will not be available until the growing season of 1944. 

This cion of Abundance, though itself quite healthy in appearance, when 
indexed on peach, gave some indications that it carried a virus of the peaeh- 
yellows-little-peach group. 

On peaches . — Though the differences between the strains of prune dwarf 
tended to be more apparent on peaches than in some other hosts, there has 
been little variation in the reaction of the different peach varieties to any 
one strain of the virus. Minor differences in the degree of symptom expres- 
sion have been encountered among seedlings, but, for present purposes, a 
description of the effects of each prune dwarf strain can be applied to 
peaches generally. 

Strain 1 characteristically, especially in the first season, produced a slight 
delay in foliation and a moderate dwarfing by reducing both number and 
length of internodes (Fig. 2, F). Some early leaves showed faint marking, 
such as mottles, chlorotic spots, feathery patterns, and confluent rings, which 
disappeared later in the season. The newer leaves were often loosely rolled 
upward and inward from the margins and were more or less stiff and up- 
ward-pointing or had wavy margins (Fig. 2, F). Superficial bark necrosis 
sometimes occurred near the point of inoculation. Trees affected with strain 
1 tended to recover after the first season. 

The symptoms with strain 2 \vere of the same nature but were always 
more severe, while the leaf markings, usually a fine network of small rings 
and fine lines, persisted throughout the summer. The original inoculation 
to Elberta resulted in a very pronounced shortening of internodes amount- 
ing almost to a loose rosette. The leaves were narrower, smaller, and stiff er 
than normal, the bark became roughened, and the condition of the tree de- 
teriorated from year to year. In sub-inoculations from this tree, reactions 
were somewhat milder and there ’was slight recovery in the second and third 
seasons, suggesting that the strain had lost some of its aggressiveness after 
passage through peach. 

, Strain 3, on the other hand, was generally less dwarfing than 1 though 
resembling that strain in other respects. On some seedlings, the symptoms 
of 3 were almost suppressed. 
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The original inoculations with strain 4 on seedlings induced a dwarfing 
almost as severe as that caused by strain 2, but with sub-inoeulation strain 4 
became intermediate between strains 1 and 2 in its dwarfing effect. Leaf 
markings like those described for strain 1 appeared only on early leaves, but 
strain 4 frec^uently imparted a yellow east to the foliage by exaggerating the 
'^growth mottle’’ sometimes seen on the leaves of healthy peach trees. Nor- 
mally the ‘^growth mottle” consists of pallid interveinal tissues outlined by 
dark green veins and is usually outgrown as the leaf matures. On the trees 
affected by strain 4, the pallor was heightened to a fairly vivid and persistent 
yellow. 

On Montmorency cherry , — ^As all cherries in the double-budding experi- 
ments of 1940 and 1941 failed to grow, only one season’s observations, on the 
1942 series, have been available for any of the cherry varieties. The only 
symptoms of strain 1 on Montmorency were some pale green rings and mottle 
and traces of fine browmish lines on the early formed leaves. Later leaves 
were symptomless. 

With strain 2, there was a considerable amount of pronounced mottle, 
ringing, and chlorotic or necrotic spotting on some early leaves (Fig. 3, B) 
and on others a network of fine brown rings, lines (Fig. 3, B), and flecks 
(Fig. 3, F) which sometimes became necrotic. In July, line patterns were 
seen on some leaves but they had disappeared a month later. Strain 2 also 
appeared to have a slight dwarfing effect. 

Strain 3 caused only a faint, coarse mottle early in the season. Even 
these symptoms were rather indefinite and transient. 

Strain 4 gave rise to slight delay in foliation and to considerable coarse 
mottle and ringing and to some necrotic spotting and flecking on early leaves 
only. In its reaction on Montmorency, 4 was thus intermediate between 
strains 1 and 2. 

On Napoleon cherry . — ^All four strains induced various combinations and 
intensities of large ring and oak-leaf patterns on some leaves in early spring 
(Pig. 3, 0). They were faint with strain 3, somewhat plainer with 1, and 
fairly well marked with 2 and 4, and more or less transient with all. In the 
case of strains 2 and 4, oak-leaf patterns appeared on a few new leaves as 
late as the beginning of July. All strains except strain 1 may have caused 
a slight stunting but it was impossible to be sure of this point. The buds in 
the vicinity of strain 3 inoculations were somewhat slow in opening. 

On Blach Tartarian cherry .- — Symptoms on Black Tartarian were, if any- 
thing”, less conspicuous than on Napoleon. Strain 3 was almost completely 
masked, while the markings of strain 1, if present at all, were faint on early 
leaves. "With strain 2 the coarse-ring, line, and oak-leaf patterns were few 
and mild though apparent on new leaves until July (Fig. 3, A). Strain 4 
symptoms were much the same as, though somewhat plainer than, those of 2 
and persisted on the older leaves for some time (Fig. 3, B) . 

On Black Eagle cherry.— Blmk Eagle, inoculated with strains 1, 3, or 4 
exhibited a faint mottle early in the spring, and with strain 2 some rings and 
coai*se lines, but when indexed on peach and Mahaleb seedlings was itself 
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shown to be already virns-infeetecl. The leaf markings on Eagle shoots, 
however, were in all probability induced by the prune dw^arf virus as they 
were of the same order as those on the other sweet cherry varieties and 
appeared only on inoculated shoots. 

The peach seedlings used for indexing this Black Eagle cion showed both 
fine and coarse rings and oak-leaf patterns, but the most striking symptom 
appeared in June as a necrotic streak down one side of each main shoot, near 
the tip, which was bent over to form a crook. Later the whole tip died. 
Indexed Mahaleb seedlings were somewhat dwarfed and their leaves were 
marked with faint oak-leaf and coarse ring patterns in mid-season. The 
identity of this virus is yet to be established, but it has none of the usual 
earmarks of prune dwarf. 

On Elkhorn cherry.— This variety had either no symptoms or a faint 
mottle on early leaves. Unfortunately, indexing demonstrated that this 
supposedly healthy Elkhorn was already carrying a virus presumed to be 
prune dwarf virus on the basis of the symptoms on indexed peach. If this 
diagnosis is correct, the virtual absence of symptoms in the inoculated Elk- 
horn series is understandable since the tree, from which the buds were taken, 
had been selected as healthy and therefore either had always been symptom- 
less or had long recovered from the initial shock. 

On Niagara apricot. — There were no characteristic leaf symptoms of 
diagnostic value on apricot although, on some of the shoots inoculated with 
strain 2 or strain 3, some leaves had faint mottling or chlorotic spotting or 
streaking in the early part of the season. All strains and more especially 
1 and 2 induced delay in foliation. Keduction in vigor and growth was con- 
siderable with strains 2 and 4 and somewhat less with 1 and 3. As a matter 
of interest and possibly of significance, two of the three apricot shoots inocu- 
lated with strain 2 died during the summer. The fact that, barring two 
buds that failed to take in other series, these were the only cases of mortality 
in the apricot experiment suggests that the more virulent strain 2 was 
responsible. A similar lethal effect with strain 2 has already been mentioned 
in connection with the double-budding experiment with Italian prune. 

On Myrohalan plum. — Myrobalan seedlings exhibited no definite symp- 
toms except with strain 2 when chlorotic mottles, lines, and rings appeared 
occasionally on early leaves and some plants were more or less stunted. 
Prune dwarf virus, however, can be transmitted through Myrobalan. 

On MahaWb cherry. — ^Mahaleb seedlings were quite variable in their 
reaction. Some were almost symptomless and some had early leaves marked 
with mottles, lines (Fig. 3, G-), coarse rings (Fig. 3, H), and occasionally 
vein-banding (Fig. 3, I), With strain 2 and to a lesser extent with strains 
1 and 3, coarse rings and oak-leaf patterns also appeared on leaves developed 
late in the summer, 

DISCUSSION 

In view of the striking similarity of the symptoms of these four viroses 
on each of the hosts which manifest them, and particularly on Italian prune, 
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Lombard plum, and peach, little argument is necessary to justify the thesis 
already proposed that all four are caused by strains of one virus. As a 
matter of fact, if any distinctions are to be made, there are greater differ- 
ences between the two strains from plum than between the plum and the 
cherry strains. Prune dwarf, whether the causal strains of virus be con- 
sidered individually or collectively, is manifested by symptoms of one or 
more of the following categories : (a) stunting or reduction of vigor ; (b) leaf 
I distortion; (c) patterns on leaves; and (d) crop reduction. The present 

experiments are not yet of sufficient duration to provide many yield data, 
but Hildebrand (8, 14) has presented some evidence on that point. With 
regard to the other types of symptoms, however, the combination exhibited 
has been much more specific to the host than to the strain. 

It should also be observed that, on virtually every host in the range of 
these experiments, the strains if arranged according to increasing severity of 
effect would fall in the same order, namely : 3, 1, 4, and 2. Consequently 
differences occurring between strains, for example, the pattern-forming 
capacity so pronounced in 2, may be ascribed to differences in virulence. 

I The markings on some hosts, especially with strain 2, bear some resemblance 

j to those induced by the virus of line pattern (1, 3), but some transmission 

experiments with Shiro plum, which is one of the best indicators of line pat- 
tern (1, 9) and with line pattern on the host range, failed to show that that 
virosis is related to prune dwarf though its virus may be involved as a con- 
taminant in strain 2. 

Each species of Fnmus and, in some instances, each variety has its char- 
acteristic reaction to prune dwarf. The typical response of peaches is some 
degree of dwarfing usually by internode shortening, mild leaf distortion in 
the form of wavy margins, and foliage patterns of varying intensities and 
persistence. In cherries, leaf patterns are almost exclusively predominant, 
at least as primary symptoms, and there is good evidence that some varieties 
i of sweet cherries can become symptomless, or nearly so, with the possible 

exception of crop reduction. For that matter, P. maliaWb and, to a lesser 
degree, both sweet and sour cherries are not satisfactory differential hosts, 
for prune dwarf because they respond to a number of distinct viroses with, 
confusingly similar markings. Plums have so wide a range of reaction that 
they can be divided into at least three groups .* (a) severely affected varieties,, 

I such as Italian prune and Lombard, in which leaf distortion and stunting* 

1 of growth are the most striking symptoms; (b) moderately or slightly 

affected varieties, such as Reine Claude, German prune, and Grand Duke, 

I which show almost no leaf distortion and little stunting but some leaf mark- 

ing; and (c) varieties, such as Abundance and Damson, in which symptoms 
{ rarely occur. 

The fact that some symptoms, especially leaf patterns, tend to occur only* 
early in the season suggests that the degree of symptom expression may bO' 
affected by temperature or other conditions during the period of leaf for- 
mation. On the other hand, recovery in the second season would indicate: 
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tliat, with some hosts at least, infection has an initial shock effect which is 
not sustained. Both factors are probably operative, though it is not yet 
possible to assess their relative significance. 

U The findings recorded here with respect to the effect of prune dwarf on 

German prune do not agree with those of Hildebrand (8 ) . This discrepancy 
may have arisen because of differences in the strains of virus employed, but 
both Hildebrand’s failure to obtain symptoms on cherries (8) and his de- 
scription of peach symptoms would suggest that he was working with a 
comparatively mild strain and the mild strains in Ontario had little effect 
on German prune. So it would appear either that different strains of that 
variety were used in the two investigations or that there was some confusion 
regarding the identity of German prune in New York State and in Ontario. 
If either is true and because the same sort of situation might easily arise 
with other host varieties, stone fruit virus investigations would benefit from 
some form of standardization of experimental varietal material. 

The similarity of the symptoms of prune dwarf on peach to those of 
rosette mosaic (2, 4, 7) has prompted Hildebrand (7, 8) to suggest a possible 
relationship between the two viruses. While conclusive proof is yet to be 
established, it is interesting to note another point of resemblance in that 
Cation (4) reported transmission of a disease which he diagnosed as rosette 
mosaic from Damson to peach. The demonstration of strain differences in 
both diseases opens up the question still further. Whether or not the virus 
of rosette mosaic is a strain of prune dwarf virus, the natural occurrence of 
masked forms of prune dwarf on Damson and its presence in sweet cherry 
twice and probably three times observed serve to indicate that this disease 
is more wide spread than has yet been realized. 

The author wishes to express his sincere thanks to Dr. G. H. Berkeley for 
his unfailing interest and many helpful suggestions in connection with this 
investigation. 

SUMMABY 

Four viruses have been studied in Ontario, two on plum and two on sweet 
cherry. Symptomatological evidence is presented ,that the viruses are 
strains of prune dwarf virus (Prunus virus 6; Nan%i8 priini H.), differing 
in virulence. All four strains have been transmitted to at least four varie- 
ties of Prunus domestica, one of P. salicina, two of P. persica, one of P. 
cerasuSy two of P. avium, one of P. armeniaca, P. cerasifera (Myrobalan), 
and P, mahaleh. 

All strains produced typical strap-shaped, rugose, thickened leaves and 
dwarf growth on Italian prune and Lombard plum; stunting and leaf 
patterns on peach varieties ; and ring, line, and oak-leaf patterns on cherries 
and P. mahaleh. Some plum varieties, namely Eeine Claude, German prune, 
and Grand Duke, showed leaf markings without distortion while some were 
almost symptomless. Myrobalan was symptomless except with the most 
virulent strain which induced chlorotic mottles, lines and rings, and some- 
times dwarfing. 




1944] 


WiLLisoisr : Strains of Prune Dwarf 


1049 


A tendency to recovery was noted in peaches and cherry varieties after 
the initial shock symptoms had appeared. 

Dominion Laboratory op Plant Pathology, 

St. Catharines, Ontario, Canada. 
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PHYSIOLOGIC SPECIALIZATION AND THE CONTEOL 
OF MILLET SMUT" 

0 , S . W A N G 
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introduction, 

Smntj caused by Ustilago crameri Kcke., is one of the important diseases 
of millet, Setariaitalica (L.) Beauv., and is coextensive with the cultivation 
of the crop. In China, millet is one of the principal food crops, the annual 
production being approximately 28,675,548,000 pounds (1), and the losses 
caused by the smut are often of considerable economic importance. Keduc- 
tions in yield of from 10 to 50 per cent in Northern and Northeastern China 
are not uncommon (6). 

Although millet smut can be controlled effectively by proper seed treat- 
ment, obviously it would be more desirable and economical to control it by 
means of resistant varieties. Most of the common varieties of millet so far 
tested are susceptible ; therefore, selection of lines or the breeding of varie- 
ties with suitable agronomic characters and resistance to smut would be 
necessary. As an aid to the breeding program, it is important to learn the I 

number and geographic distribution of physiologic races of the smut fungus | 

and their pathogenicity on the most important varieties. While the ultimate 
control of millet smut by breeding resistant varieties is being sought, any { 

control which can give immediate relief, such as seed treatment, also is I 

worthy of attention. Therefore, the relative efScacy of new and old seed ! 

disinfectants for the control of millet smut was investigated. 

PHYSIOLOGIC SPECIALIZATION IN USTILAGO CRAMERI j 

Physiologic specialization in certain smut fungi has been known for a i 

long time (2, 9), although it has not been recorded for Ustilago crameri. It 
seemed advisable to determine the reactions of the common varieties of millet 
to various collections of the millet smut. 

Varieties of millet were obtained from the Department of Agronomy, 

College of Agriculture, Honan IFniversity, Honan, China, and from the 
Division of Agronomy and Plant Genetics, University Farm, St. Paul, Min- 
nesota. All the varieties except German No. 18, German Dark, and Siberian 
No. 13020, were selfed for several years prior to these tests. 

Seed lots were soaked for 8 minutes in 1 : 250 solution of formaldehyde, 
covered for 4 hours, washed in water for 4 hours, and then allowed to dry 
thoroughly. The seed was inoculated by applying an equal amount of dry 
chlamydospores to each lot of seed, about 0.5 g. of smut spores to 100 g. 
of seed. 

1 A portiott of a thesis presentod to the Graduate School, University of Minnesota, 

June, 1937, in partial fulfilment of the requirements for degree of Doctor of Philosophy. 

Published as paper 2169 of the Journal Series of the Minnesota Agricultural Experiment 
Station. ' 
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During the winter of 1935, preliminary pathogenicity tests were made 
in the greenhouse with 5 collections of Ustilago crameri on 4 varieties of 
millet. Although the number of plants inoculated was small, the results 
indicated clearly that the 5 collections of smut differed in their virulence 
on 4 varieties of millet. On the basis of these preliminary results, more 
extensive varietal tests were made with more collections of smut. 

In the summer of 1935, 11 varieties of millet were inoculated with 9 
eollections of Ustilago crameri, which were obtained from different parts of 
China. All the varieties of millet tested were planted at University Farm, 


TABLE 1.— -Percentage of smutted heads in 12 varieties of millet inoculated with 9 
collections of Ustilago crameri, grown in St, Paul, Minnesota, in 1935 and 1936 


Variety of millet 

Year - 

Percentage of smutted heads^ with different 
smut eollections 

5 

6 

8 

9 

10 

12 

13 

14 

17 

Con- 

trol 

German No. 10 

1935 

0 

0 

0 

0 

0 

0 

19 

47 

3 

0 


1936 

0 

0 

0 

0 

2 

0 

4 

37 

10 

0 

German No. 18 

1935 

60 

51 

52 

79 

73 

71 

85 

63 

55 

0 


1936 

68 

35 

47 

81 

42 

65 

66 

39 

70 

0 

German Lark 

1935 

33 

62 

42 

90 

83 

88 

24 

64 

63 

0 


1936 

47 

73 

38 

82 

91 

77 

40 

66 

76 

0 

Hungarian No. 232 

1935 

50 

75 

59 

86 

89 

81 

52 

93 

81 

0 

1936 

57 

67 

53. 

77 

70 

64 

68 

82 

57 

0 

Kaifeng No. 142 

1935 

63 

73 

57 

61 

83 

98 

51 

100 

92 

0 

1936 

67 

84 

66 

69 

68 

91 

70 

87 

58 

0 

Kaifeng No. 232 

1935 

26 

51 

33 

58 

65 

0 

39 

0 

0 

0 

1936 

39 

69 

21 

56 

77 

2 

32 

0 

0 

0 

Nanking No. 31 ; 

1935 

5 

7 

0 

0 

1 

0 

16 

14 

1 

0 

1936 

0 

13 

0 

0 

16 

8 

43 

6 

6 

0 

Teipien No. 48 

1935 

44 

65 

58 

56 

71 

75 

40 

79 

39 

0 

1936 

57 

58 

16 

35 

60 

57 

44 

61 

48 

0 

Unnamed Selection No. 11 

1935 

83 

79 

75 

86 

90 

89 

57 

93 

96 

0 


1936 

68 

78 

58 

53 

86 

76 

59 

44 

83 

0 

Unnamed Selection No. 12 

1935 

48 

63 

34 

59 

77 

87 

8 

54 

36 

0 


1936 

74 

87 

43 

64 

62 

72 

26 

50 

30 

0 

Siberian No. 1120 

1935 

68 

90 

77 

82 

87 

84 

60 

76 

53 

0 


1936 

63 

73 

66 

70 

69 

49 

50 

61 

55 

1 

Siberian No. 13020 

1936 

6 

10 

40 

2 

17 

58 

31 

27: 

26 

0 

Race No 


1 

1 

2 

1 

1 

3 

4 

5 

6 



a Percentage computed on number of heads in duplicate rows. (The number of heads 
in each row ranged from 300 to 400.) 


St. Paul, Minnesota, in duplicate 5-foot rows, one foot apart, in a split-plot 
arrangement. The smut percentages were based on counts of 300 to 400 
heads in a row. In 1936 similar tests were made, including an additional 
variety. The results for the two years’ tests are summarized in table 1. 

There are striking differences in pathogenicity among the collections of 
smut. For instance, collection 14 produced no smut on the variety Kaifeng 
No. 232, but more than 85 per cent infection on the variety Kaifeng No. 142 ; 
whereas collection 10 of Ustilago crameri caused between 65 and 83 per cent 
infection on these two varieties. 
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In general, the pathogenicity of a collection on a particular variety 
proved to he similar in 1935 and in 1936. Pluctuation in the percentages 
of smut from one season to another is to be expected, because environmental 
factors may influence profoundly the development of smuts. It is possible 
that certain collections of smut consisted of many biotypes that differed 
greatly in parasitic capabilities and in response to environmental conditions. 

In a given year all varieties of millet were grown under parallel condi- 
tions ; hence differences in their reaction to a smut collection must be attrib- 
uted to differences in virulence of the latter. This certainly would be true 
of the test made in 1936, as the inoculum and seed sown were produced and 
stored under identical conditions and the seed was sown the same day in the 
experimental plots at St. Paul, Minnesota. 

Since each collection of smut in 1936 differed somewhat in parasitism, 
each one might be considered a physiologic race. This fine distinction 
seems undesirable and also impractical, how^ever, because of the wide fluctua- 
tion in percentages of smut that occurred on the same varieties in different 
years. Therefore, the determination of races was based on fairly wide dif- 
ferences in pathogenicity. 

There are at least 6 distinct parasitic races of UsUlago crameri (Table 
1). Collections 5, 6, 9, and 10 are classified as race 1, because of their simi- 
larity in virulence on the 5 differential hosts : German No. 10, Kaif eng No. 
232, Nanking No. 31, Unnamed Selection No. 12, and Siberian No. 13020. 
Each of toe other 5 collections consisted of a different physiologic race. 
Althou^lie separation of collections into races was more or less arbitrary, 
consideration was given to variation in smut percentages produced by the 
same races on a given variety in different replications and in different years. 
The important point is that there are many races of UsUlago crameri that 
must be considered in breeding smut resistant varieties of millet. 

Of course, it is possible that, if further tests w^ere made, certain collections 
that now appear distinct would be grouped together ,* also it is possible that 
certain collections might consist of two or more races. Therefore, the sepa- 
ration of collections into races must be considered of a temporary nature. 

All varieties of millet tested were susceptible to certain races of UsUlago 
crameri (Table 1), Although a few varieties were highly resistant to sev- 
eral of the races, most of them were susceptible to 3 or more races. German 
No. 10 was the most resistant variety tested, while Hungarian No. 232, 
Siberian No. 1120, and German No. 18 were among the most susceptible 
varieties and were attacked by all the races. 

EPFEGTIVENESS OB'’ VARIOUS FUNGICIDES IN CONTROLLING MILLET SMUT 

The earliest experiments on the control of millet smut by various fungi- 
cides were made by Heeke (3, 4). He used copper sulphate, sulphuric acid, 
mercury bichloride, and formalin ; and, in addition, a hot water treatment. 
Subsequently, many fungicides were tested by several workers (5, 7, 8). 
The most promising ones were copper carbonate, formaldehyde dip, and 
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■copper sulphate. New Improved Ceresan, a good fungicide for many cereal 
OTiuts, apparently has not been tried. 

In studying the effectiveness of various fungicides in controlling millet 
smut, a moderately susceptible variety, Kaifeng No. 232, which had been 
selfed for 3 years, was used. The inoculum w^as a mixture of chlamy do- 
spores of the 10 collections of TJsUlaga crameri. Prior to treatment, the 
millet seeds were cleaned and then aiTificially inoculated with a mixture of 
chlamydospores of Vsiilago crameri. The various fungicides and the rate 
of application are given in table 2. For each treatment, except formalde- 
hyde solution, the amount of fungicide required was first put in a flask and 
shaken thoroughly ; then the seed was added and the flask was shaken again, 
until the dust covered the seeds thoroughly. When formaldehyde solution 


TABLE 2. — Eesults of treating Kaifeng millet with 10 fungicides when seed was 
inoculated artificially with cMamydosyores of 10 collections of Ustilago cramerij in 1935 
and 1936 


Euiigicide 

Year and percentage of 
infection^ 

Name 

Ounces per 
bushel 

1935 

1936 

New Improved Ceresan 

0.5 

0.8 

0.4 

Eormaldebyde dipa 


1.0 

1.1 

Cuprocide 

2.0 

3.6 

1.0 

Copper carbonate (20 pet.) 

4.0 • 

3.1 

3.1 

Barbak III 

2.0 


4.6 

Kopper\s flotation sulphur dust 

2.0 

5.0 

10.9 

Powdered sulphur 

4.0 


15.8 

Gas sulphur 

2.0 

16.6 

14.2 

Sulphur dust ; 

4.0 

23.6 

18.8 

Formaldehyde dust 

3.0 

29.7 

39.7 

Powdered sulphur ....! 

2.5 

36.2 

32,2 

Cheek 

0.0 

26.9 

42.9 


a The coneeiatratioii used was 1 part formaldehyde to 250 parts of water. 
bBesults were based on 400-500 heads grown in quadruplicate plots. The minimum 
level for statistical significance between any two means was 0.74 in 1935 and 1.45 in 1936. 


was used, the seed was soaked in the solution for 7 minutes, covered for 5 
hours, and then washed and dried in the usual manner. 

Nine fungicides were tested in 1935, eleven in 1936. In both seasons, 
the tests were in triplicate, 10-foot-row plots, replicated 4 times and random- 
ized. The percentages of smut were based on the number of heads infected. 
The results are in table 2. 

In 1935 all fungicides used, except powdered sulphur used at the rate 
2.5 oz. per bushel and formaldehyde dust, tended to reduce the percentage 
of infection, but none of them eliminated smut completely. New Improved 
Ceresan and formaldehyde dip were more effective than the others, although 
several other fungicides also were partially effective. 

The results in 1936 were similar to those in 1935, except for slight differ- 
ences. There was no apparent stimulation or increase of the percentage of 
infection when powdered sulphur and formaldehyde dust were used. 
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In order to determine the statistical significance of the effectiveness of 
the different fungicides tested, the data for 1935 and 1936 (Table 2) were 
analyzed separately by the analysis of variance method. The minimum 
level for statistical significance between any two means was 0.74 in 1935 and 
1.45 in 1936. ISTew Improved Ceresan and formaldehyde dip were the most 
effective fungicides in 1935; cuprocide and copper carbonate were next. 
Kopper’s flotation sulphur dust was more effective than any other sulphur 
fungicides. 

mscussiON- 

Millet is a food crop which is exceeded in importance in Northern China 
only by wheat. Smut caused by Ustilago crameri is one of the most impor- 
tant diseases of millet. Because of the importance of the crop and the losses 
caused by this smut, its control is of major importance. While it can be 
fairly well controlled by certain seed treatments, the development of resis- 
tant varieties will be very important in China, where it often is difficult to 
induce farmers to treat the seed. 

Because of the importance of physiologic races of smuts in breeding 
disease resistant varieties of cereals, the writer investigated the question of 
physiologic specialization in Ustilago crameri. In 1935 eleven varieties of 
millet were inoculated with 9 collections of smut from China. These collec- 
tions differed greatly in their pathogenicity. In 1936 the tests were re- 
peated, using one additional variety of millet, and similar differences 
occurred. 

The differences in the reactions to the 9 collections in 1935 and 1936 are 
not unexpected. Chlamydospore collections may contain many biotypes, 
and, furthermore, recombinations can be expected. Also, it is well known 
that differences between biotypes or groups of biotypes may become appar- 
ent under some conditions and not under others. In spite of the fluctua- 
tion in percentages of smut in certain cases, there are at least 6 distinct 
parasitic races of Ustilago crameri. This fact is of great importance in 
breeding disease resistant varieties. Although there were great differences 
in reaction of millet varieties to different races, none of those tried was 
resistant to all the smut races. Consequently fxirther search must be made 
for resistant varieties. 

summary 

Nine collections of Ustilago crameri were tested for their virulence on 
12 varieties of millet. Of these, 6 differed sufficiently in pathogenicity on 5 
differential hosts to be designated as physiologic races. 

Although certain varieties of millet were highly resistant to several races, 
no variety was resistant to all races. 

The prevalence of races of smut must be considered in breeding millet 
varieties resistant to the disease. 

Eleven fungicides were tested as seed disinfectants, and all except pow- 
dered sulphur and formaldehyde dust reduced smut. New Improved 
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Ceresan was very effective ; f ormaldeliyde dip, cuproeide, copper carbonate, 
and Barbak III were fairly effective. In general, sulphur fungicides were 
not effective. 

College op Agriculture^ Honan University, 

Kaipeng, Honan, China. 
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PARASITISM OP RHIZOCTONIA SOLANI ON BBANS^ 

L . H . P E R S O IT 
(Accepted for publication July 31, 1944) 

In most parts of the United States, and especially in the South where 
moisture and temperature conditions are favorable, many species of plants 
are attacked by fungi belonging to the genus BJiizoctonia. While these 
fungi are a heterogeneous, group, many of them, because of certain sclerotial 
characteristics, are considered by most investigators to be BMzoctonia 
solani Kiilin. 

That B. solani comprises distinct strains diifering in morphology, cul- 
tural characters, and pathogenicity has been shown by many investigators. 
Among them are Peltier (12), Rosenbaum and Shapovalov (14), Edson and 
Shapovalov (2), Matsumoto (9), van der Meer (10), Walker (18), Lauritzen 
(7), Wiant (19), Gratz (6), Elmer (3), LeClerg (8), Briton-Jones (1), 
Monteith and Dahl (11), and Sanford (15). The more recent studies of 
LeClerg (8) and Sanford (17), in which large numbers of isolates from 
Irish potatoes were tested for pathogenicity mi sugar beets, indicated that 
nearly all were nonpathogenic on this host. These results are of particular 
interest when certain control problems, such as crop rotation, are being 
considered. 

In Louisiana the common garden bush snapbean, Phaseolus vulgaris L., 
is often attacked by Bhizoctonia. Stands are reduced and reddish-brown 
lesions develop on the stems near the soil surface. As these fungi occur 
on many hosts other than beans in this State, it seemed desirable to deter- 
mine if isolates from other hosts w^ere pathogenic on beans. 

To obtain this information, a number of isolates were secured from 
various hosts in Louisiana and from other investigators. Some studies were 
made of the cultural characters and reactions to temperature of the various 
cultures, but the major part of the investigations was devoted to a study 
of their pathogenicity on beans. 

ORIGIN OF ISOLATES 

Prom a rather large number of isolates, 27 were finally selected for these 
studies. Pertinent information regarding them is in table 1. 

CULTURAL CHARACTERS 

The isolates were compared on bean and potato-dextrose agar. Differ- 
ences occurred in such characters as the color of the mycelium, rate of 
growth, and sclerotium formation. A representative group of 6 isolates is 
shown in figure 1. 

1 Summary of part of a thesis presented in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy, granted by the University of Minnesota, August, 1937. 
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EFFECT OP TEMPERATURE ON RATE OF GROWTH 

Twelve isolates from 8 hosts differed considerably in rate of growth on 
potato-dextrose agar in Petri dishes at 7 different temperatures (Table 2). 
Only a trace of growth occurred at 6 ^ C. in the isolates from tomato (R7), 
eggplant (E6), and bean (R76), as compared to 9 to 17 mm. with the other 
9 cultures. The optimum temperatures also differed, being from 20° to 


TABLE 1 . — Origin of isolates of Ehizoctonia solani 


Number 

of 

isolate 

Host plant 

Part of plant 
from which 
isolated 

Location 

By 

whom 

isolated 

Bate 

of 

isola- 

tion 

B3 

Sugar cane 

Boot 

Baton Bouge, 

La. 

E. C. Tims 

1932 

R4 

do 

do 

do 

do 

1932 

R5 

do 

do 

do 

do 

1932 

E6 

Egtsc-plant 

Stem base 

do 

S. Smith 

1933 

B7 

Tomato 

do 

do 

do 

1933 

R8 

Potato 

do 

do 

do 

1933 

R9 

Bean 

‘ do 

Houma, La. 

L. H. Person 

1931 

E62 

Sugar beet 

— 

Chaska, Minn. 

E. L. LeClerg 

1930' 

B64 

Bean 

Stem base 

Houma, La. 

L. H. Person 

1931 

E76 

do 

do 

Baton Bouge, 

La. 

do 

1931 

R77 

do 

do 

Houma, La. 

do 

1932 

BlOO 

Sugar beet 

Seedling 

Ohio 

E. L. LeClerg 

1930 

BllO 

Potato 

Tuber (sclerotium) 

St. Paul, Minn. ' 

do 

1930 

B115 

do 

Stem 

Guthrie, Minn. 

do 

1931 

B120 

Pea 

Boot 

St. Paul, Minn. 

G. H. Starr 

— 

B127 

Potato 

Stem 

Dilworth, Minn. 

E. L, LeClerg 

1931 

B128 

do 

do 

do 

do 

1931 

B150 

Potato 

Tuber (sclerotium) 

Amherst, Mass. 

do 

1933 

B162 

do 

do do 

Seotts Bluff, 

Neb. 

do 

1933 

B170 

do 

do do 

Hay Springs, 

Neb. 

do 

1933 

B178 

do 

— — 

California 

do 

1933 

B188 

Bice 

Seedling 

Welch, La. 

D. E. Ellis 

1932 

B191 

Potato 

— — 

Topeka, Kansas 

E. L. LeClerg 

1933 

B194 

Bice 

Seedling 

Welch, La. 

D. E. Ellis 

1932 

B200 

Potato 

Tuber ( sclerotium) 

Kentville, Nova 
Scotia 

E. L. LeClerg 

1933 

B208 

Sugar cane 

Stalk (interior) 

Baton Bouge, 

La. 

E. C. Tims 

1934 

B310 

Pea 

— — 

Moscow, Idaho 

W. H. Pierce 

1935 


25° C. for the isolate from potato (R8) and from 25° to 30° C. for the others. 
Isolates from sugar cane (R4), bean (R9), and sugar beet (RlOO) grew 
slowly at 38° C., while the others did not grow. 


METHODS USED IN PATHOGENICITY TESTS 

For the pathogenicity tests, isolates were grown on a sterile mixture of 
4 parts oats and 1 part wheat to which water was added at the rate of 80 
per cent by weight. The cultures used for inoculum usually were from 4 
to 6 days old when the inoculations were made. 




Phytopathology 


Pig. 1. Six culturally different isolates of Bhisoctonia solani. 

Inoculations were made in the greenhouse in sterilized soil and in the 
field. The greenhouse inoculations were of two types : soil inoculation and 
direct seedling inoculation. The soil was inoculated by mixing approxi- 
mately 25 grams of the inoculum into 6-ineh pots of sterilized soil. After 
4 to 6 days the soil was remixed and the seeds were planted one inch deep. 
BeaiP seedlings were inoculated directly by removing the soil from the base 
of the stem and placing the inoculum against the basal-stem portion. The 
soil was then replaced, covering the inoculum. 

Seedlings were inoculated directly in the field similarly to those in the 

TABLE 2. — Effect of temperature on the rate of growth of 12 isolates of BMmctonia 
solani on bean agar (average of S tests of S replications each) 


sXJnless otlierwise stated, the term beau refers to buuch snapbeans (Phaseolns 
vnlgaris ) . 


Original 

Isolate 

Average diameter of colonies in mm. after 48 hours 

host 

number 

6° a 

15° 0. 

20° 0. 

25° C. 

30° C. 

34° C. 

38° 0. 

Sugar cane 

B4 

10 

22 

37 

61 

62 

54 

8 

Potato ......... 

B8 

14 

26 

36 

37 

22 

11 

0 

Bice 

B194 

14 

26 

43 

80 

78 

69 

0 

Pea 

B120 

17 

35 

51 

71 

54 

23 

0 

Pea 

B310 

16 

31 

49 

73 

52 

26 

0 

Bean 

E9 

10 

30 

47 

80 

' 78 

57 

8 

Bean 

B64 

9 

30 

51 

86 

85 

43 

0 

Bean 

B76 

1 

32 

50 

85 

79 

48 

0 

Tomato ...... 

1 B7' ■ 

1 

26 

40 

69 

. .75 

64 

0 

Eggplant ... 

i B6 

1 

30 

47 

87 

83 

66 

0 

Sugar beet 

K62 

12 

21 

35 

52 

43 

23 

0 

Sugar beet 

BlOO 

11 

22 

39 

65 

59 

43 

10 
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On Grand Duke plum . — Only strains 1 and 2 were used for inoculating 
Grand Duke in 1942. This variety was little affected by 1, traces of mottle 
and ring spotting appearing on the first few leaves. Strain 2, though having 
little or no effect on vigor, produced quite striking line patterns and some 
oak-leaf which persisted throughout the summer (Pig. 3, L). 

On Abundance plum . — ^Although a few, faint, transient, pale green rings 
appeared on the first few leaves of one Abundance shoot inoculated with 
strain 1 and faint chlorotic areas on other plants inoculated with strains 1, 
3, and 4, these symptoms were too illusive to be diagnostic. Evidence of 
transmission of strain 2 was only slightly more satisfactory, as traces of oak- 
leaf and other patterns were observed on the younger leaves in July. In 
1943, therefore, healthy Italian prune buds were grafted in the Abundance 
to test for the presence of prune dwarf. Kesults of this budding of course 
will not be available until the growing season of 1944. 

This cion of Abundance, though itself quite healthy in appearance, when 
indexed on peach, gave some indications that it carried a virus of the peaeh- 
yellows-little-peach group. 

On peaches . — Though the differences between the strains of prune dwarf 
tended to be more apparent on peaches than in some other hosts, there has 
been little variation in the reaction of the different peach varieties to any 
one strain of the virus. Minor differences in the degree of symptom expres- 
sion have been encountered among seedlings, but, for present purposes, a 
description of the effects of each prune dwarf strain can be applied to 
peaches generally. 

Strain 1 characteristically, especially in the first season, produced a slight 
delay in foliation and a moderate dwarfing by reducing both number and 
length of internodes (Fig. 2, F). Some early leaves showed faint marking, 
such as mottles, chlorotic spots, feathery patterns, and confluent rings, which 
disappeared later in the season. The newer leaves were often loosely rolled 
upward and inward from the margins and were more or less stiff and up- 
ward-pointing or had wavy margins (Fig. 2, P). Superficial bark necrosis 
sometimes occurred near the point of inoculation. Trees affected with strain 
1 tended to recover after the first season. 

The symptoms with strain 2 were of the same nature but were always 
^ more severe, while the leaf markings, usually a fine network of small rings 
and fine lines, persisted throughout the summer. The original inoculation 
to Blberta resulted in a very pronounced shortening of internodes amount- 
ing almost to a loose rosette. The leaves were narrower, smaller, and stiffer 
than normal, the bark became roughened, and the condition of the tree de- 
teriorated from year to year. In sub-inoculations from this tree, reactions 
were somewhat milder and there w^as slight recovery in the second and third 
seasons, suggesting that the strain had lost some of its aggressiveness after 
passage through peach. 

Strain 3, on the other hand, was generally less dwarfing than 1 though 
resembling that strain in other respects. On some seedlings, the symptoms 
of 3 were almost suppressed. 
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The original inoculations with strain 4 on seedlings induced a dwarfing 
almost as severe as that caused by strain 2, but with sub-inoculation strain 4 
became intermediate between strains 1 and 2 in its dwarfing effect. Leaf 
markings like those described for strain 1 appeared only on early leaves, but 
strain 4 frequently imparted a yellow cast to the foliage by exaggerating the 
growth mottle^’ sometimes seen on the leaves of healthy peach trees. Nor- 
mally the ‘'growth mottle’’ consists of pallid interveinal tissues outlined by 
dark green veins and is usually outgrown as the leaf matures. On the trees 
affected by strain 4, the pallor was heightened to a fairly vivid and persistent 
yellow. 

On Montmorency cherry.— M all cherries in the double-budding experi- 
ments of 1940 and 1941 failed to grow, only one season’s observations, on the 
1942 series, have been available for any of the cherry varieties. The only 
symptoms of strain 1 on Montmorency were some pale green rings and mottle 
and traces of fine brownish lines on the early formed leaves. Later leaves 
were symptomless. 

With strain 2, there was a considerable amount of pronounced mottle, 
ringing, and chlorotic or necrotic spotting on some early leaves (Fig. 3, D) 
and on others a network of fine brown rings, lines (Pig. 3, E), and flecks 
(Pig. 3, P) which sometimes became necrotic. In July, line patterns were 
seen on some leaves but they had disappeared a month later. Strain 2 also 
appeared to have a slight dwarfing effect. 

Strain 3 caused only a faint, coarse mottle early in the season. Even 
these symptoms were rather indefinite and transient. 

Strain 4 gave rise to slight delay in foliation and to considerable coarse 
mottle and ringing and to some necrotic spotting and flecking on early leaves 
only. In its reaction on Montmorency, 4 was thus intermediate between 
strains 1 and 2. 

On Napoleon cherry, — ^All four strains induced various combinations and 
intensities of large ring and oak-leaf patterns on some leaves in early spring 
(Pig. 3, C). They were faint with strain 3, somewhat plainer with 1, and 
fairly well marked with 2 and 4, and more or less transient with all. In the 



ease of strains 2 and 4, oak-leaf patterns appeared on a few new leaves as 
late as the beginning of July. All strains except strain 1 may have caused 
a slight stunting but it was impossible to be sure of this point. The buds in 
the vicinity of strain 3 inoculations were somewhat slo"w in opening. 

On Black Tartarian cherry. — Symptoms on Black Tartarian were, if any- 
thing, less conspicuous than on Napoleon. Strain 3 was almost completely 
masked, while the markings of strain 1, if present at all, were faint on early 
leaves. With strain 2 the coarse-ring, line, and oak-leaf patterns were few 
and mild though apparent on new leaves until July (Pig. 3, A) . Strain 4 
symptoms were much the same as, though somewhat plainer than, those of 2 
and persisted on the older leaves for some time (Pig. 3, B) . 

On Black Eagle cherry. — ^Black Eagle, inoculated with strains 1, 3, or 4 
exhibited a faint mottle early in the spring, and with strain 2 some rings and 
coarse lines, but when indexed on peach and Mahaleb seedlings was itself 



Fig. 3. A: strain 2 and (B) strain 4 on Black Tartarian; C: strain 4 on 
Napoleon; D-F: strain 2 in Montmorency, D: mottle and rings, E: brown lines and. 
rings, F: brown flecking; G-I: typical symptoms on Mahaleb, G: lines and smalT rings, 
H: coarse rings, I: vein-banding; J: symptoms on Elkhorn source of strain 3; K: strain 
2 on German prune ; L : strain 2 on Grand Duke. 
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shown to be already virus-infected. The leaf markings on Eagle shoots, 
however, were in all probability indneed by the prune dwarf virus as they 
were of the same order as those on the other sw^eet cherry varieties and 
appeared only on inoculated shoots. 

The peach seedlings used for indexing this Black Eagle cion showed both 
fine and coarse rings and oak-leaf patterns, but the most striking symptom 
appeared in June as a necrotic streak down one side of each main shoot, near 
the tip, which was bent over to form a crook. Later the whole tip died. 
Indexed Mahaleb seedlings were somewhat dwarfed and their leaves were 
marked with faint oak-leaf and coarse ring patterns in mid-season. The 
identity of this virus is yet to be established, but it has none of the usual 
earmarks of prune dwarf . 

On Elkhorn cherry , — This variety had either no symptoms or a faint 
mottle on early leaves. Unfortunately, indexing demonstrated that this 
supposedly healthy Elkhorn was already carrying a virus presumed to be 
prune dwarf virus on the basis of the symptoms on indexed peach. If this 
diagnosis is correct, the virtual absence of symptoms in the inoculated Elk- 
horn series is understandable since the tree, from 'which the buds were taken, 
had been selected as healthy and therefore either had always been symptom- 
less or had long recovered from the initial shock. 

On Niagara apricot . — There were no characteristic leaf symptoms of 
diagnostic value on apricot although, on some of the shoots inoculated with 
strain 2 or strain 3, some leaves had faint mottling or chlorotic spotting or 
streaking in the early part of the season. All strains and more especially 
1 and 2 induced delay in foliation. Reduction in vigor and growth was con- 
siderable with strains 2 and 4 and somewhat less wdth 1 and 3. Asa matter 
of interest and possibly of significance, two of the three apricot shoots inocu- 
lated with strain 2 died during the summer. The fact that, barring tw'o 
buds that failed to take in other series, these were the only cases of mortality 
in the apricot experiment suggests that the more virulent strain 2 was 
responsible. A similar lethal effect with strain 2 has already been mentioned 
in connection with the double-budding experiment with Italian j)rune. 

On Myrohalan plum . — Myrobalan seedlings exhibited no definite symp- 
toms except with strain 2 when chlorotic mottles, lines, and rings appeared 
occasionally on early leaves and some plants were more or less stunted. 
Prune dwarf virus, however, can be transmitted through Myrobalan. 

On Mahalet cherry .’ — ^Mahaleb seedlings were quite variable in their 
reaction. Some were almost symptomless and some had early leaves marked 
with mottles, lines (Fig. 3, G), coarse rings (Pig. 3, H), and occasionally 
vein-banding (Pig. 3, 1). With strain 2 and to a lesser extent with strains 
1 and 3, coarse rings and oak-leaf patterns also appeared on leaves developed 
late in the summer* 

DISCUSSION 

In view of the striking similarity of the symptoms of these four viroses 
on each of the hosts which manifest them, and particularly on Italian prune, 
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Lombard plum, and peacli, little argument is necessary to justify the thesis 
already proposed that all four are caused by strains of one virus. As a 
matter of fact, if any distinctions are to be made, there are greater differ- 
ences between the two strains from plum than betw^een the plum and the 
cherry" strains. Prune dw’ arf , w^hether the causal strains of virus be con- 
sidered individually or collectively, is manifested by symptoms of one or 
more of the following categories : (a) stunting or reduction of vigor ; (b) leaf 
distortion; (c) patterns on leaves; and (d) crop reduction. The present 
experiments are not yet of sufficient duration to provide many yield data, 
but Hildebrand (8, 14) has presented some evidence on that point. With 
regard to the other types of symptoms, however, the combination exhibited 
has been much more specific to the host than to the strain. 

It should also be observed that, on virtually every host in the range of 
these experiments, the strains if arranged according to increasing severity of 
effect "would fall in the same order, namely: 3, 1, 4, and 2. Consequently 
differences occurring between strains, for example, the pattern-forming 
capacity so pronounced in 2, may be ascribed to differences in virulence. 
The markings on some hosts, especially wdth strain 2, bear some resemblance 
to those induced by the virus of line pattern (1, 3), but some transmission 
experiments with Shiro plum, which is one of the best indicators of line pat- 
tern (1, 9) and with line pattern on the host range, failed to show that that 
virosis is related to prune dwarf though its virus may be involved as a con- 
taminant in strain 2. 

Each species of Prunus and, in some instances, each variety has its char- 
acteristic reaction to prune dwarf. The typical response of peaches is some 
degree of dwarfing usually by internode shortening, mild leaf distortion in 
the form of wavy margins, and foliage patterns of varying intensities and 
persistence. In cherries, leaf patterns are almost exclusively predominant, 
at least as primary symptoms, and there is good evidence that some varieties 
of sweet cherries can become symptomless, or nearly so, with the possible 
exception of crop reduction. For that matter, P, mahalel and, to a lesser 
degree, both sweet and sour cherries are not satisfactory differential hosts 
for prune d-warf because they respond to a number of distinct viroses with 
confusingly similar markings. Plums have so wide a range of reaction that 
they can be divided into at least three groups : (a) severely affected varieties, 
such as Italian prune and Lombard, in which leaf distortion and stunting 
of growffh are the most striking symptoms; (b) moderately or slightly 
affected varieties, such as Heine Claude, German lorune, and Grand Duke, 
which show almost no leaf distortion and little stunting but some leaf mark- 
ing; and (e) varieties, such as Abundance and Damson, in which symptoms 
rarely occur. 

The fact that some symptoms, especially leaf patterns, tend to occur only- 
early in the season suggests that the degree of symptom expression may be 
affected by temperature or other conditions during the period of leaf for- 
mation. On the other hand, recovery in the second season would indicate 
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that, with some hosts at least, infection has an initial shock effect which is 
not sustained. Both factors are probably operative, though it is not yet 
possible to assess their relative significance. 

The findings recorded here with respect to the effect of prune dwarf on 
German prune do not agree with those of Hildebrand (8) . This discrepancy 
may have arisen because of differences in the strains of virus employed, but 
both Hildebrand's failure to obtain symptoms on cherries (8) and his de- 
scription of peach symptoms would suggest that he was working with a 
comparatively mild strain and the mild strains in Ontario had little effect 
on German prune. So it would appear either that different strains of that 
variety were used in the two investigations or that there was some confusion 
regarding the identity of German prune in New York State and in Ontario. 
If either is true and because the same sort of situation might easily arise 
with other host varieties, stone fruit virus investigations would benefit from 
some form of standardization of experimental varietal material. 

The similarity of the symptoms of prune dwarf on peach to those of 
rosette mosaic (2, 4, 7) has prompted Hildebrand (7, 8) to suggest a possible 
relationship between the two viruses. While conclusive proof is yet to be 
established, it is interesting to note another point of resemblance in that 
Cation (4) reported transmission of a disease which he diagnosed as rosette 
mosaic from Damson to peach. The demonstration of strain differences in 
both diseases opens up the question still further. Whether or not the virus 
of rosette mosaic is a strain of prune dwarf virus, the natural occurrence of 
^ masked forms of prune dwarf on Damson and its presence in sweet cherry 

^ twice and probably three times observed serve to indicate that this disease 

; is more wide spread than has yet been realized. 

The author wishes to express his sincere thanks to Dr. G. H, Berkeley for 
his unfailing interest and many helpful suggestions in connection with this 
investigation. 

SUMMARY 

Pour viroses have been studied in Ontario, two on plum and two on sweet 
cherry. Symptomatological evidence is presented that the viruses are 
; strains of prune dwarf virus (Prunus virus 6; Nanus pruni H.), differing 

in virulence. All four strains have been transmitted to at least four varie- 
ties of Prunus domestica, one of P. salidna, two of P. persica, one of P. 
cerasus, two of P. avium, one of P. armeniaca, P. cerasifera (Myrobalan), 
and P. mahaleh. 

All strains produced typical strap-shaped, rugose, thickened leaves and 
dwarf growth on Italian prune and Lombard plum; stunting and leaf 
patterns on peach varieties ; and ring, line, and. oak-leaf patterns on cherries 
.BXiUP.mahaleb, Some plum varieties, namely Heine Claude, German prune, 
and Grand Duke, showed leaf markings without distortion while some were 
almost symptomless. Myrobalan was symptomless except with the most 
virulent strain which induced chlorotic mottles, lines and rings, and some- 
limes dwarfing. 
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A tendency to recovery was noted in peaches and cherry varieties after 
the initial shock symptoms had appeared. 

Dominion Laboratory op Plant Pathology, 

St. Catharines, Ontario, Canada. 
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PHYSIOLOGIC SPECIALIZATION AND THE CONTROL 
OP MILLET SMUT^ 

0. S. Wang 

(Accepted for publication July 24, 1944) 

INTRODUCTION 

Smut, caused by Ustilago crmieri Kcke., is one of the important diseases 
of millet, Setaria italim (L.) Beauv., and is coextensive with the cultivation 
of the crop. In China, millet is one of the principal food crops, the annual 
production being approximately 28,675,548,000 pounds (1), and the losses 
caused by the smut are often of considerable economic importance. Reduc- 
tions in yield of from 10 to 50 per cent in Northern and Northeastern China 
are not uncommon (6). 

Although millet smut can be controlled effectively by proper seed treat- 
ment, obviously it would be more desirable and economical to control it by 
means of resistant varieties. Most of the common varieties of millet so far 
tested are susceptible ; therefore, selection of lines or the breeding of varie- 
ties with suitable agronomic characters and resistance to smut would be 
necessary. As an aid to the breeding program, it is important to learn the 
number and geographic distribution of physiologic races of the smut fungus 
and their pathogenicity on the most important varieties. While the ultimate 
control of millet smut by breeding resistant varieties is being sought, any 
control which can give immediate relief, such as seed treatment, also is 
worthy of attention. Therefore, the relative efficacy of new and old seed 
disinfectants for the control of millet smut was investigated. 

PHYSIOLOGIC SPECIALIZATION IN USTILAGO CRAMERI 

Physiologic specialization in certain smut fungi has been known for a 
long time (2, 9), although it has not been recorded for Ustilago crameri. It 
seemed advisable to determine the reactions of the common varieties of millet 
to various collections of the millet smut. 

Varieties of millet were obtained from the Department of Agronomy, 
College of Agriculture, Honan University, Honan, China, and from the 
Division of Agronomy and Plant Genetics, University Farm, St. Paul, Min- 
nesota. All the varieties except German No. 18, German Dark, and Siberian 
No. 13020, were selfed for several years prior to these tests. 

Seed lots were soaked for 8 minutes in 1 : 250 solution of formaldehyde, 
covered for 4 hours, washed in water for 4 hours, and then allowed to dry 
thoroughly. The seed was inoculated by applying an equal amount of dry 
chlamydospores to each lot of seed, about 0.5 g. of smut spores to 100 g. 
of seed. 

r A portion of a thesis presented to the Graduate School, University of Minnesota, 
June, 1937, in partial fulfillment of the requirements for degree of Doctor of Philosophy. 
Published as paper 2169 of the Journal Series of the Minnesota Agricultural Experiment 
Station. ^ 
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During the ■winter of 1935, preliminary pathogenicity tests were made 
in the greenhouse with 5 collections of Ustilago orameri on 4 varieties of 
millet. Although the number of plants inoculated was small, the results 
indicated clearly that the 5 collections of smut differed in their virulence 
on 4 varieties of millet. On the basis of these preliminary results, more 
extensive varietal tests were made with more collections of smut. 

In the summer of 1935, 11 varieties of millet were inoculated with 9 
collections of Ustilago crameri, which were obtained from different parts of 
China. All the varieties of millet tested were planted at University Farm, 


TABLE 1.- — Ferceniage of smutted heads in varieties of millet inoculated with 9 
collections of Ustilago crameri, grown in St. Faul, Minnesota^ in 1935 and 1936 


Variety of millet 

Year • 

Percentage of smutted lieads^ with different 
smut collections 

5 

6 

8 

9 

10 

12 

13 

14 

17 

Con- 

trol 

German No. 10 


1935 

0 

0 

0 

0 

0 

0 

19 

47 

3 

0 



1936 

0 

0 

0 

0 

2 

0 

4 

37 

10 

0 

German No. 18 


1935 

60 

51 

52 

79 

73 

71 

85 

63 

55 

0 



1936 

68 

35 

47 

81 

42 

65 

66 

39 

70 

0 

German Dark 


1935 

33 

62 

42 

90 

83 

88 

24 

64 

63 

! 0 



1936 

47 

73 

38 

82 

91 

77 

40 

66 

76 

0 

Hungarian No. 232 


1935 

50 

75 

59 

86 

89 

81 

52 

93 

81 

0 


1936 

57 

67 

53. 

77 

70 

64 

68 

82 

57 

0 

Kaifeng No. 142 


1935 

63 

73 

57 

61 

83 

98 

51 

100 

92 

0’ 


1936 

67 

84 

66 

69 ! 

68 

91 

70 

87 

58 

0 

Kaifeng No. 232 


1935 

26 

51 

33 

58 

65 

0 

39 

0 

0 

0 


1936 

39 

69 

21 

56 

77 

2 

32 

0 

0 

0 

Nanking No. 31 


1935 

5 

7 

0 

0 

1 

0 

16 

14 

1 

0 


1936 

0 

13 

0 

0 

16 

8 

43 

6 

6 

0 

Teipien No. 48 


1935 

44 

65 

58 

56 

71 

75 

40 

79 

39 

0 


1936 

57 

58 

16 

35 

60 

57 

44 

61 

48 

0 

Unnamed Selection No. 

11 

1935 

83 

79 

75 

86 

90 

89 

57 

93 

96 

0 



1936 

68 

78 

58 

53 

86 

76 

59 

44 

83 

0 

Unnamed Selection No. 

12 

1935 

48 

63 

34 

59 

77 

87 

8 

54 

36 

0 



1936 

74 

87 

43 

64 

62 

72 

26 

50 

30 

0 

Siberian No. 1120 


1935 

68 

90 

77 

82 

87 

84 

60 

76 

53 

0 



1936 

63 

73 

66 

70 

69 

49 

50 

61 

55 

1 

Siberian No. 13020 


1936 

6 

10 

40 

2 

17 

58 

31 

27 

26 

0 

Race No. 



1 

1 

2 

1 

1 

3 

4 

5 

6 



a Percentage computed on number of heads in duplicate rows. (The number of heads 
in each row ranged from 300 to 400.) 


St. Paul, Minnesota, in duplicate 5-foot rows, one foot apart, in a split-plot 
arrangement. The smut percentages were based on counts of 300 to 400 
heads in a row. In 1936 similar tests were made, including an additional 
variety. The results for the two years’ tests are summarized in table 1. 

There are striking differences in pathogenicity among the collections of 
smut. For instance, collection 14 produced no smut on the variety Kaifeng 
No, 232, but more than 85 per cent infection on the variety Kaifeng No. 142 ; 
whereas collection 10 of Ustilago orameri caused between 65 and 83 per cent 
infection on these two varieties. 
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In general, the pathogenicity of a collection on a particular variety 
proved to be similar in 1935 and in 1936. Fluctuation in the percentages 
of smut from one season to another is to be expected, because environmental 
factors may influence profoundly the development of smuts. It is possible 
that certain collections of smut consisted of many' biotypes that differed 
greatly in parasitic capabilities and in response to environmental conditions. 

In a given year all varieties of millet were grown under parallel condi- 
tions ; hence differences in their reaction to a smut collection must be attrib- 
uted to differences in virulence of the latter. This certainly would be true 
of the test made in 1936, as the inoculum and seed sown were produced and 
stored under identical conditions and the seed was sown the same day in the 
experimental plots at St. Paul, Minnesota. 

Since each collection of smut in 1936 differed somewhat in parasitism, 
each one might be considered a physiologic race. This fine distinction 
seems undesirable and also impractical, however, because of the wide fluctua- 
tion in percentages of smut that occurred on the same varieties in different 
years. Therefore, the determination of races was based on fairly wide dif- 
ferences in pathogenicity. 

There are at least 6 distinct parasitic races of Vstilago crameri (Table 
1). Collections 5, 6, 9, and 10 are classified as race 1, because of their simi- 
larity in virulence on the 5 differential hosts : German No. 10, Kaif eng No. 
232, Nanking No. 31, Unnamed Selection No. 12, and Siberian No. 13020. 
Each of the other 5 collections consisted of a different physiologic race. 
Although the separation of collections into races was more or less arbitrary, 
consideration was given to variation in smut percentages produced by the 
same races on a given variety in different replications and in different years. 
The important point is that there are many races of TJstilago crameri that 
must be considered in breeding smut resistant varieties of millet. 

Of course, it is possible that, if further tests were made, certain collections 
that now appear distinct would be grouped together; also it is possible that 
certain collections might consist of two or more races. Therefore, the sepa- 
ration of collections into races must be considered of a temporary nature. 

All varieties of millet tested were susceptible to certain races of Ustilago 
crameri (Table 1). Although a few varieties were highly resistant to sev- 
eral of the races, most of them were susceptible to 3 or more races. German 
No. 10 was the most resistant variety tested, while Hungarian No. 232, 
Siberian No. 1120, and German No. 18 were among the most susceptible 
varieties and were attacked by all the races. 

EFFECTIVENESS OF VARIOUS FUNGICIDES IN CONTROLLING MILLET SMUT 

The earliest experiments on the control of millet smut by various fungi- 
cides were made by Hecke (3, 4). He used copper sulphate, sulphuric acid 
mercury bichloride, and formalin; and, in addition, a hot water treatment. 
Subsecjuently, many fungicides were tested by several workers (5, 7, 8) 
The most promising ones were copper carbonate, formaldehyde dip, ’and 
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copper sulphate. New Improved Ceresan, a good fnngieide for many cereal 
smuts, apparently has not been tried. 

In studying the effectiveness of various fungicides in controlling millet 
smut, a moderately susceptible variety, Kaifeng No. 232, which had been 
selfed for 3 years, was used. The inoculum w^as a mixture of chlamydo- 
spores of the 10 collections of TJstilaga erameri. Prior to treatment, the 
millet seeds were cleaned and then artificially inoculated with a mixture of 
chlamydospores of Ustilago erameri. The various fungicides and the rate 
of application are given in table 2. For each treatment, except formalde- 
hyde solution, the amount of fungicide required w^as first put in a flask and 
shaken thoroughly ; then the seed -was added and the flask was shaken again, 
until the dust covered the seeds thoroughly. When formaldehyde solution 


TABLE 2. — Eesults of treating Kaifeng millet with 10 fungicides when seed was 
inoculated artificially with chlamydospores of 10 collections of XJstilago erameri, in 1935 
and 1936 


Fungicide 

Year and percentage of 
infection^ 

Name 

Ounces per 
bushel 

1935 

1936 

New Improved Ceresan 

0.5 

0.8 

0.4 

Formaldehyde dipa 


1.0 

1.1 

Cuprocide 

2.0 

3.6 

1.0 

Copper carbonate (20 pet.) 

4.0 

3.1 

3.1 

Barbak III 

2.0 


4.6 

Kopper^s flotation sulphur dust 

2.0 

5.0 

10.9 

Powdered sulphur 

4.0 


15.8 

Gas sulphur 

2.0 

16.6 

14.2 

Sulphur dust 

4.0 

23.6 

18.8 

Formaldehyde dust 

3.0 

29.7 

39.7 

Powdered sulphur 

2.5 

36.2 

32.2 

Check 

0.0 

26.9 

42.9 


a Tlxe concentration used was 1 part formaldehyde to 250 parts of water, 
b Eesults were based on 400-500 heads grown in quadruplicate plots. The minimum 
level for statistical significance between any two means was 0.74 in 1935 and 1.45 in 1936. 


was used, the seed was soaked in the solution for 7 minutes, covered for 5 
hours, and then washed and dried in the usual manner. 

Nine fungicides were tested in 1935, eleven in 1936. In both seasons, 
the tests were in triplicate, 10-foot-row plots, replicated 4 times and random- 
ized. The percentages of smut were based on the number of heads infected. 
The results are in table 2. 

In 1935 all fungicides used, except powdered sulphur used at the rate 
2.5 oz. per bushel and formaldehyde dust, tended to reduce the percentage 
of infection, but none of them eliminated smut completely. New Improved 
Ceresan and formaldehyde dip were more effective than the others, although 
several other fungicides also were partially effective. 

The results in 1936 were similar to those in 1935, except for slight differ- 
ences. There was no apparent stimulation or increase of the percentage of 
infection when powdered sulphur and formaldehyde dust were used. 
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In order to determine the statistical significance of the effectiveness of 
the different fungicides tested, the data for 1935 and 1936 (Table 2) were 
analyzed separately by the analysis of variance method. The minimum 
level for statistical significance between any two means wns 0.74 in 1935 and 
1.45 in 1936. New^ Improved Ceresan and formaldehyde dip were the most 
effective fungicides in 1935; cuprocide and copper carbonate were next. 
Kopper’s flotation sulphur dust was more effective than any other sulphur 
fungicides. 

DISCUSSION 

Millet is a food crop which is exceeded in importance in Northern China 
only by wheat. Smut caused by UsUlago crameri is one of the most impor- 
tant diseases of millet. Because of the importance of the crop and the losses 
caused by this smut, its control is of major importance. While it can be 
fairly well controlled by certain seed treatments, the development of resis- 
tant varieties -will be very important in China, where it often is difficult to 
induce farmers to treat the seed. 

Because of the importance of physiologic races of smuts in breeding 
disease resistant varieties of cereals, the writer investigated the question of 
physiologic specialization in Vstilago crameri. In 1935 eleven varieties of 
millet were inoculated with 9 collections of smut from China. These collec- 
tions differed greatly in their pathogenicity. In 1936 the tests were re- 
peated, using one additional variety of millet, and similar differences 
occurred. 

The differences in the reactions to the 9 collections in 1935 and 1936 are 
not unexpected. Chlamydospore collections may contain many biotypes, 
and, furthermore, recombinations can be expected. Also, it is well kno^vn 
that differences between biotypes or groups of biotypes may become appar- 
ent under some conditions and not under others. In spite of the fluctua- 
tion in percentages of smut in certain cases, there are at least 6 distinct 
parasitic races of Ustilago crameri This fact is of great importance in 
breeding disease resistant varieties. Although there were great differences 
in reaction of millet varieties to different races, none of those tried was 
resistant to all the smut races. Consequently further search must be made 
for resistant varieties. 

SUMMARY 

Nine collections of Ustilago crameri were tested for their virulence on 
12 varieties of millet. Of these, 6 differed sufficiently in pathogenicity on 5 
differential hosts to be designated as physiologic races. 

Although certain varieties of millet were highly resistant to several races, 
no variety was resistant to all races. 

The prevalence of races of smut must be considered in breeding millet 
varieties resistant to the disease. 

Eleven fungicides were tested as seed disinfectants, and all except pow- 
dered sulphur and formaldehyde dust reduced smut. New Improved 
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Ceresan was very effective ; formaldehyde dip, euproeide, copper carbonate, 
and Barbak III were fairly effective. In general, sulphur fungicides were 
not effective. 

College op Agriculture, Honan University, 

Kaipeng, Honan, China. 
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PARASITISM OP EHIZOCTONIA SOLANI ON BEANS" 




. 



L.H. Person 
(Accepted for publication July 31, 1944) 

In most parts of the United States, and especially in the South where 
moisture and temperature conditions are favorable, many species of plants 
are attacked by fimgi belonging to the genus Bhizoctonia. While these 
fungi are a heterogeneous group, many of them, because of certain sclerotial 
characteristics, are considered by most investigators to be Bhizoctonia 
solani Kuhn. 

That B. solani comprises distinct strains differing in morphology, cul- 
tural characters, and pathogenicity has been shown by many investigators. 
Among them are Peltier (12), Rosenbaum and Shapovalov (14), Edson and 
Shapovalov (2), Matsumoto (9), van der Meer (10), Walker (18), Lauritzen 
(7), Wiaut (19), Gratz (6), Elmer (3), LeClerg (8), Briton-Jones (1), 
Monteith and Dahl (11), and Sanford (15). The more recent studies of 
LeClerg (8) and Sanford (17), in which large numbers of isolates from 
Irish potatoes were tested for pathogenicity on sugar beets, indicated that 
nearly all were nonpathogenic on this host. These results are of particular 
interest when certain control problems, such as crop rotation, are being 
considered. 

In Louisiana the common garden bush snapbean, Phascolus vulgaris L., 
is often attacked by Bhizoctonia. Stands are reduced and reddish-brown 
lesions develop on the stems near the soil surface. As these fungi occur 
on many hosts other than beans in this State, it seemed desirable to deter- 
mine if isolates from other hosts were pathogenic on beans. 

To obtain this information, a number of isolates were secured from 
various hosts in Louisiana and from other investigators. Some studies were 
made of the cultural characters and reactions to temperature of the various 
cultures, but the major part of the investigations was devoted to a study 
of their pathogenicity on beans. 


OEIGIN OP ISOLATES 

Prom a rather large number of isolates, 27 were finally selected for these 
studies. Pertinent information regarding them is in table 1. 


CULTURAL CHARACTERS 

The isolates were compared on bean and potato-dextrose agar. Differ- 
ences occurred in such characters as the color of the mycelium, rate of 
growth, and sclerotium formation. A representative group of 6 isolates is 
shown in figure 1. 


the ***®?.'® Presented in partial fnlfillment of the requirements for 

e degree of Doctor of Philosophy, granted by the University of Minnesota, August, 1937 
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EFFECT OP TEMPERATURE ON RATE OF GROWTH 

Twelve isolates from 8 hosts differed considerably in rate of growth on 
potato-dextrose agar in Petri dishes at 7 different temperatures (Table 2). 
Only a trace of growth occurred at 6° C. in the isolates from tomato (R7), 
eggplant (R6), and bean (R76), as compared to 9 to 17 mm. with the other 
9 cultures. The optimum temperatures also differed, being from 20° to 


TABLE 1 . — Origin of isolates of IRMsoctonia solani 


Number 

of 

isolate 

Host plant 

Part of plant 
from which 
isolated 

Location 

By 

whom 

isolated 

Late 

of 

isola- 

tion 

E3 

Sugar cane 

Eoot 

Baton Eouge, 

La. 

E. 0. Tims 

1932 

R4 

do 

do 

do 

do 

1932 

R5 

do 

do 

do 

do 

1932 

E6 

Eggplant 

Stem base 

do 

S. Smith 

1933 

E7 

Tomato 

do 

do 

do 

1933 

E8 

Potato 

do 

do 

do 

1933 

E9 

Bean 

do 

Houma, La. 

L. H. Person 

1931 

E62 

Sugar beet 

— 

Chaska, Minn. 

E. L. LeClerg 

1930 

E64 

Bean 

Stem base 

Houma, La. 

L. H. Person 

1931 

E76 

do 

' 

do 

Baton Eouge, 

La. 

do 

1931 

1177 

do 

do 

Houma, La. 

do 

1932 

ElOO 

Sugar beet 

Seedling 

Ohio 

E. L. LeClerg 

1930 

Elio 

Potato 

Tuber (selerotium) 

St. Paul, Minn. 

do 

1930 

E115 

do 

Stem 

Guthrie, Minn. 

do 

1931 

E120 

Pea 

Eoot 

St. Paul, Minn. 
Dilworth, Minn. 

G. H. Starr 

— 

E127 

Potato 

Stem 

E. L. LeClerg 

1931 

E128 

do 

do 

do 

do 

1931 

E150 

Potato 

Tuber (selerotium) 

Amherst, Mass. 

do 

1933 

E162 

do 

do do 

Scotts Bluff, 

Neb. 

do 

1933 

E170 

do 

do do 

Hay Springs, 

Neb. 

do 

1933 

El 78 

do 

— — 

California 

do 

1933 

E188 

Eice 

Seedling 

Welch, La. 

D. E. Ellis 

1932 

E191 

Potato 

Topeka, Kansas 

E. L. LeClerg 

1933 

E194 

Eice 

Seedling 

Welch, La. 

D. E. Ellis 

1932 

E200 

Potato 

Tuber (selerotium) 

Kentville, Nova 
Scotia 

E. L. LeClerg 

1933 

E208 

Sugar cane 

Stalk (interior) 

Baton Eouge, 

La. 

E. C. Tims 

1934 

E310 

Pea 

— . ■ — 

Moseour, Idaho 

W. H. Pierce 

1935 


25° C. for the isolate from potato (R8) and from 25° to 30° C. for the others. 
Isolates from sugar cane (R4), bean (R9), and sugar beet (ElOO) grew 
slowly at 38° C., while the others did not grow. 

METHODS USED IN PATHOGENICITY TESTS 

For the pathogenicity tests, isolates were grown bn a sterile mixture of 
4 parts oats and 1 part wheat to which water was added at the rate of 80 
per cent by weight. The cultures used for inoculum usually were from 4 
to 6 days old when the inoculations were made. 
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Pig. 1. Six culturally different isolates of EMzoctonia solani. 


Inoculations were made in the greenhouse in sterilized soil and in the 
field. The greenhouse inoculations were of two types : soil inoculation and 
direct seedling inoculation. The soil was inoculated by mixing approxi- 
mately 25 grams of the inoculum into 6-inch pots of sterilized soil. After 
4 to 6 days the soil was remixed and the seeds were planted one inch deep. 
Bean^ seedlings were inoculated directly by removing the soil from the base 
of the stem and placing the inoculum against the basal-stem portion. The 
soil was then replaced, covering the inoculum. 

Seedlings were inoculated directly in the field similarly to those in the 


TABLE 2 . — Efect of temperature on the rate of growth of 12 isolates of Ehizoctonia 
solani on hean agar (average of S tests of 2 replications each) 


2 Unless otherwise stated, the term beau refers to buuch suapbeans (JPhaseolus 
vulgans). 


Original 

Isolate 

Average diameter of colonies in mm. after 48 hours 

host 

number 

6° G. 

15° 0. 

d 

o 

o 

25° C. 

d 

o 

O 

CO 

34° C. 

38° G. 

Sugar cane 

m 

10 

22 

37 

61 

62 

54 

8 

Potato 

E8 

14 

26 

36 

37 

22 

11 

0 

Eice 

E194 

14 

26 

43 

80 

78^ 

69 

0 

Pea 

B120 

17 

35 

51 

71 

54 

23 

0 

Pea 

E310 

16 

31 

49 

73 

52 

26 

0 

Bean 

E9 

10 

30 

47 

80 

78 

57 

8 

Bean 

E64 

9 

30 

51 

86 

85 

43 

0 

Bean 

B76 

1 

32 

50 

85 

79 

48 

0 

Tomato ...... 

B7 

1 

26 

40 

69 

75 

64 

0 

Eggplant ... 

B6 

1 

30 

47 

87 

83 

66 

0 

Sugar beet 

B62 

12 

21 

35 

52 

43 

23 

0 

Sugar beet 

BlOO 

11 

22 

39 

65 

59 

43 

10 
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greenhouse. For the soil inoculations in the field, the wheat-oats inoculum 
was mixed with sterilized soil at the rate of 2 quarts to 4 gallons of soil. 
After two weeks this was mixed thoroughly and dropped into open furrows, 
30 grams every 8 inches. The seeds were then dropped into the inoculated 
hills and covered immediately. 

To determine the pathogenicity of the isolates, two methods were used. 
In one, the percentage stand was used. In the other, an arbitrary scale of 
infection was used, with 5 classes ranging from 0 to 4. The plants were 
removed from the soil, washed, and placed in one of the five following 
infection classes : 

0 = No stem lesions (no infection). 

1 = One to few small shallow lesions (light infection) . 

2 = One or several lesions extending into the cortex (moderate 

infection). 

3 = One or more lesions extending deep into the cortex, often 

completely girdling the stem (severe infection). 

4 = Plants killed. 



Eio. 2. Infection classes of bean plants inoculated witb. BM^octonia solani. Left to 
right, classes 0, 1, 2, 3. 


The average degree of infection for an isolate was then computed by 
adding the infection class values of individual plants and dividing by the 
total number of plants. The infection classes 0, 1, 2, and 3 are shown in 
figure 2. 

WOUNDS AND THE PATHOGENICITY OP RHIZOCTONIA ON BEANS 

The first experiment, using 24 isolates from 7 hosts, was made in steril- 
ized soil in the greenhouse to learn if wounded bean seedlings were more 
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TABLE 3 , — Results of inoculating wounded and nonwounded lean plants with 26 
isolates of Ehizoctonia solani 


Original 


I Plants not injured 

Plants injured 

host of 
isolate 

Xsulates 

used 

No. 

inoculated 

Degree of 
infection 

No. 

inoculated 

Degree of 
infection 

Sugar cane 

R3, 4, 5 

27 

0.00 

27 

0.00 

Potato 

R8, 110, 115, 
127, 128, 

150, 162, 

170, 178, 

191, 200 

102 

0.00 

98 

0.002 

Rice 

R188, 194 

15 

0.87 

19 

1.94 

Pea ^ 

R120, 310 

30 

1.46 

26 

1.88 

Bean 

R9, 64, 76, 77 

37 

3.37 

38 

3.53 

Tomato 

B7 

9 

3.44 

10 

3.60 

Eggplant 

Averages 

R6 

8 

3.63 

1.81 

10 

4.00 

2.14 

Control 


10 

0.00 

10 

0.00 


severely attacked than nonwonnded ones. Yonng plants were wounded by 
slitting the basal stem portions with a scalpel and an equal number were 
left unwounded for comparison. The inoculum was placed directly against 
the stems of injured and noninjured seedlings and covered with soil. 
Wounding had relatively little effect on the severity of parisitism: the 
average degree of infection on nonwounded plants was 1.81 and on wounded 
plants 2.14 (Table 3). The 3 sugar-cane isolates and 11 Irish potato isolates 
were not pathogenic on either wounded or nonwounded bean plants. The 

TABLE 4 . — The degree of infection on S varieties of leans inoculated with 14 iso- 
lates of B. solani in the field at St, Faul, Minn., 1934 




1 Degree of inf ectiona 

Original host 

number 

Giant 

Stringless 

Bounti- 

ful 

Webber 

Wax 

Average for 

3 varieties 

Sugar cane 

R4 

0.30 

0.40 

0.50 

0.40 

Potato 

E8 

0.15 

0.35 

0.40 

0.30 


RllO 

0.20 

0.70 

0.35 

0.41 

Rice 

R194 

0.80 

0.70 

0.85 

0.78 

Pea 

R120 

1.35 

1.15 

1.30 

1.27 


R310 

1.30 

1.05 

1.40 

1.25 

Bean 

R9 ! 

2.75 

2.70 

2.70 

2.72 


R64 

3.25 

3.35 

3.25 

3.28 


R76 

2.95 

3.15 

3.05 

3.05 


R77 

2.85 

2.70 

3.25 

2.93 

Tomato 

R7 

2.95 

3.00 

3.00 

2.98 



R6 

2,05 

2.45 

3.05 

2.52 

Sugar beet 

R62 

3.30 

3.30 

3.45 

3.35 


RlOO 

2.95 

2.90 

3.10 

2.98 

Control 


0.10 

0.15 

0.25 

0.17 


a Average of 2 tests of 3 replications eaeli. 
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others differed in pathogenicity, ranging from an average degree of infec- 
tion of 1.41 for the rice isolate (E/194) to 3.83 for the eggplant isolate (E6). 
The wounded plants wilted 1 to 2 days earlier than the nonwounded ones. 
This agrees with the results of Fulton (5), who reported that Rhizoctonia- 
inf eeted noninjured plants wilted as frequently but not so quickly as 
slightly injured plants. 


Eig. 3. Beans inoculated with Ithisoctonia solani m the field at St. Paul, Minn. The 
row on extreme left is a cheek. The 2 center rows from left to right were inoculated with 
isolates E76 and E64, respectively. The row on extreme right was inoculated with iso- 
late Elio. 

PATHOGENICITY OP RHIZOCTONIA ON BEANS IN THE FIELD 

Seeds of 3 varieties of beans, the Giant String! ess, Bountiful, and 
Webber Wax, were planted in the field at St. Paul, Minn., and, after 
emergence, the seedlings were inoculated directly. The soil was removed 
from around the stems of the plant and the inoculum applied, after which 
it was covered with soil. The results (Table 4) were essentially the same as 
in the earlier test in sterilized soil. The sugar-cane isolate (R4) and the 2 
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potato isolates (E8 and RllO) were not pathogenic. The rice isolate (E194) 
was slightly pathogenic; the pea isolates (E120 and R310) were somewhat 
more pathogenic than the rice isolate; and the four from bean, the tomato, 
the eggplant, and 2 sugar-beet isolates were very pathogenic to all 3 bean 
varieties. This difference in pathogenicity is shown in figure 3. A similar 
test was made at Baton Rouge with the Giant Stringless, Bountiful, and 
Sure Crop Wax varieties. The results were essentially the same. 

In 2 tests with the same varieties of beans and with the same isolates, 
the soil was inoculated and the bean seed planted immediately. The per- 
centage stand of beans in the soil inoculated with each isolate is given in 
table 5. It may be seen that the isolates again differed in their patho- 


TABLE 5.— -Percentage stand of S varieties of beans in field soil inoculated ivitli 14 
isolates of Jthisoctonia solani at St. Pauly Minn. 



Isolate 

number 

Stand in per centa 

Original host 

Giant 

Stringless 

Bounti- 

ful 

Webber 

Wax 

Sugar cane 

R4 

91 

89 

88 

Potato 

E8 

92 

92 

86 


RllO 

89 

89 

85 

Rice 1 

R194 

16 

21 

10 

Pea 

R120 

82 

92 

85 


R310 

92 

89 

86 

Bean 

R9 

92 

90 

82 


R64 

86 

86 

77 


R76 

89 

89 

79 


R77 

92 

89 ! 

83 

Tomato 

R7 

87 

85 

84 

Eggplant 

R6 

86 

84 I 

76 

Sugar beet 

R62 

54 

68 

47 


RlOO 

56 

62 

36 

Control 


92 

93 

86 


a Average of 3 replications of 104 seeds each. 


genicity. The rice isolate (R194) was the most pathogenic of all isolates, 
decreasing stands of all three varieties. It had been only moderately patho- 
genic, however, when the size of lesions on the stem was used as a criterion 
(Table 4). The sugar-beet isolates (R62 and RlOO) were next in patho- 
genicity, reducing stands considerably. The sugar-cane (R4) and potato 
(R8 and RllO) isolates did not reduce emergence. An analysis of variance 
using the method given by Fisher (4) was also made of these data. Highly 
significant differences (exceeding 1 per cent point) existed in the relative 
pathogenicity of the isolates and the reactions of the three varieties to 
the isolates. 

PATHOGEmCITY OP RHIZOOTONIA ON BEANS AND OTHER 
LEGUMES IN THE GREENHOUSE 

Beans . — ^Experiments in sterilized soil in the greenhouse under more 
rigidly controlled conditions also served to test the various isolates as to their 
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pathogenicity on beans. The results with 25 isolates from 8 hosts are in 
table 6. The 3 sugar-cane isolates, the 11 potato isolates, and the 2 pea 
isolates had no effect on the stand of beans. The rice isolate (R194), as in 
previous tests, almost completely prevented emergence of the bean seedlings. 
The 4 bean isolates, the tomato isolate, the eggplant isolate, and 2 sugar-beet 
isolates reduced stands considerably. 

Other Legumes . — ^As the field and greenhouse tests indicated that the 
various isolates could be separated into 4 groups, based on their patho- 

TABLE 6 . — Percentage stand of 'beans in sterilised soil inoculated wifh 25 isolates 
of MMsoctonia solani 


Original host 

Isolate 

number 

Number 
of tests 

Number 
of seeds 

Stand in 
per cent 

Sugar cane 

E3 

1 

24 

88 


E4: 

2 

124 

87 


E5 

2 

124 

95 

Potato 

E8 

4 

324 

90 


Elio 

4 

324 

94 


E115 

3 

224 

i 92 


B127 

3 

224 

! 89 


E128 

3 

224 

90 


E150 

3 

224 

93 


B162 

3 

224 

90 

■■ i 

E170 

3 

224 

89 

: 

E178 

3 

224 

90 


E191 

3 

224 

88 


E200 

1 

24 

96 

Eice . 

E194: 

2 

124 

5 

Pea 

E120 

" 2 

124 

94 ' 


E310 

2 

124 

92 

Bean 

E9 

2 

124 

65 


E64 

2 

124 

76 


E76 

4 

324 

52 


E77 

2 

124 

52 

Tomato 

E7 

2 

124 

50 

Eggplant 

E6 

. 2 

124 

39 

Sugar beet 

E62 

2 

124 

46 

ElOO 

1 

100 

64 

Control 


4 

324 

89 


genicity on beans, further experiments were made with several additional 
species of plants. The tests were in sterilized soil in the greenhouse and 
the hosts were soybeans, English peas, cowpeas, broadbeans, and beans. 
Thirteen isolates from 8 hosts were used. The results (Table 7) indicate 
that the sugar-cane isolate (R4) and the potato isolates (R8 and RllO) 
which had been nonpathogenic on beans were not pathogenic on soybeans 
(Soja maxima L.), English peas {Pisum sativum L.), cowpeas {Yigna 
sinensis Plndl.), and broadbeans (Yicia faha L.). The rice isolate (E;194), 
which was highly pathogenic on snapbeans, also was very pathogenic on 
English peas, cowpeas, and broadbeans, but was not so pathogenic on soy- 
beans (34 per cent stand as compared to 49 per cent stand in control). The 
2 pea isolates (E120 and R310), which were equally pathogenic on beans 
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and reduced stands very little, differed in their effects on the other hosts. 
E310 was somewhat pathogenic on soybeans, while K120 was not. On 
English peas and broadbeans R310 was much more pathogenic, almost com- 
pletely preventing emergence. On cowpeas there was little difference be- 
tween the 2 isolates, both reducing stands somewhat. The 3 bean isolates 
(R9, R64, and E77), the tomato isolate (E7), the eggplant isolate (E6), 
and the 2 sugar-beet isolates (E62 and ElOO), in previous tests on beans, 
had about the same pathogenicity range, reducing stands somewhat; but 
they differed on soybeans, English peas, and cowpeas, the sugar-beet isolates 
being less pathogenic on soybeans and English peas than the others, and 


TABLE 7 . — Percentage stands of 5 leguminous hosts in sterilised soil inoculated 
with IS isolates of EMsoctonia solani 


Original host 

Isolate 

number 

Stand in per cent^ 

Bean 

Soybean : 

English pea 

Cowpea 

Broadbean 

Sugar cane 

B4 

93 

51 

90 

91 

80 

Potato 

B8 

88 

47 

85 

89 

70 


BllO 

94 

49 

92 

93 

90 

Eiee 

B194 

4 

34 

12 

1 

0 

Pea 

R120 

83 

44 

60 

76 

90 


R310 

82 

■ 24 1 

1 

69 

0 

Bean 

R9 

52 

1 

2 

28 

0 


E64 

78 

13 

3 

27 ; 

0 


R77 

56 

8 

1 

28 

0 

Tomato 

B7 

46 

5 

3 

47 

0 



E6 

61 

19 

1 

9 

0 

Sugar beet 

B62 

57 

31 

68 

93 

0 


ElOO 

58 

41 

54 

91 

0 

Control 


93 

49 

93 

91 

80 


o X X tor broadbeau were obtained in one test ; those for cowpea are averages of 

2 tests; those for other crops are averages of 3 tests. 


nonpathogenic on cowpeas. The tomato isolate could possibly be distin- 
guished from the bean and eggplant isolates in that it was less pathogenic 
than they were on cowpeas. All isolates from bean, tomato, eggplant, and 
sugar beets prevented emergence of broadbeans. 

EFFECT OF ENVIEONMENT ON PATHOGENICITY 

To determine the effect of temperature on the pathogenicity of the iso- 
lates on beans, seeds were planted in inoculated sterilized soil held at various 
temperatures. Seven isolates were tested and the percentage stand of beans 
was used as the criterion of pathogenicity. The isolates were pathogenic 
from 15° to 28° C., being most pathogenic at the lowest temperature 
(Table 8) . These results agree with those of Richards (13) and Sanford 
(16). The potato isolate (R8) used was not pathogenic at any of the 3 
temperatures. ■ . ^ 


A test was then made to determine the effect of soil moisture on the emer- 
gence of bean seedlings in soil inoculated with various isolates of E. solani 
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TABLE 8. — ^ifect of soil temperature on the pathogenicity of 7 isolates of Bhisoc- 
tonia solani on deans 


Original host 

Isolate 

number 

Stand in per centa 

15° C. 

20° C. 

24° G. 

d 

o 

00 

Potato 

E8 

68 

78 


60 

Control 


70 

75 


70 

Bice ] 

E194 

7 

2 

0 


Bean 

E9 

0 i 

0 


25 


E64 

64 

76 

73 



E76 

25 

53 

45 

55 


E77 

47 

53 

60 


Sugar beet 

E62 

7 

13 

11 


Control 


76 

78 

89 

80 


a Based on 40 seeds at eacli temperature for eaeli isolate. 


Seven isolates and 3 moisture contents were used. Stands were reduced 
about equally at tbe 3 soil moistures but the average degree of infection was 
more severe at 60 and 80 per cent soil moisture than at 40 per cent (Table 9) . 

EFFECT OF AMOUNT OF INOCULUM ON PATHOGENICITY 

Isolate R194 from rice was so pathogenic on beans when seeds were 
planted in inoculated soil, almost preventing emergence in the various tests, 
that a special study was made to determine if the amount of inoculum was 
responsible for the severity of its attack. 

In 4 experiments the amount of inoculum was varied. In 2 tests the 
amount of oat-wheat inoculum varied from 50 g. to 2 g. per 6-inch pot. 
Seeds were planted in half the pots immediately after inoculation and in 
the other half 4 days later. In the other two tests, 25 g. of inoculum were 
added to each 6-inch pot. After 4 days the inoculated soil was removed 
and thoroughly mixed. This mixture was then added to sterilized soil in 
the following proportions by weight : 1:0, 3:1, 1:1, 1:3, 1:7, and 1 : 15. 


TABLE 9. — Effect of soil moisture on the pathogenicity of 7 isolates of Bhi^octonia 
solani on deans 


Original host 

■ 

Isolate 

number 

Moisture content in per cent 

40 

60 i 

80 

40 ,1 

60 

80 

Stand in per centa 

Degree of infection 

Potato 

E8 

83 

93 

60 

0.00 

0.04 

0.00 

Eice 

E194 

0 

0 

0 





Pea 

E310 

92 

88 

67 

1 0.64 

0.38 

1.05 

Bean 

E9 

63 

52 

25 

0.34 

1.87 

1.20 


j E76 

88 

68 

28 

0.58 

1.71 

1.41 

Eggplant 

E6 

65 

40 

47 

0.95 

1.38 

1.54 

Sugar beet 

ElOO 

65 

58 

48 1 

0.46 

0.80 

1.17 

Control 


99 

90 

65 

0,00 

0.00 

0.00 


a Based on 60 seeds for each isolate at each temperature. 



Time of 
planting seed 


Emergence in per cent^ 


Amount of inoculum (in grams) added to each 
6-in. pot of soil 


Control 


Ratio of inoculated to noninoculated soil 


Eio, 4. Effect of Wiimctonia solani isolate B194 on bean seed. Top: Seed planted 
in inoculated soil. Bottom : Seed planted in sterilized soil. 


1 

1: 0 

3: 1 

1: 1 

1: 3 

1: 7 

^ 1: 15 

Control 

Three days after 
soil inoculation 

0 

0 

0 

0 

0 

0 

93 

At time of 

soil inoculation 

5 

4 1 

2 

5 

4 

1 ! 

95 


The same procedure was followed in planting, half the pots being planted at 
the time of inoculation and the remainder 3 days later. The results 
(Table 10) show that neither the amount of inoculum nor the time of plant- 
ing had any effect on the degree to which the fungus prevented emergence. 


PARASITISM OP ISOLATE E194 ON BEAN SEEDLINGS 

A test was made using 12 pots of soil inoculated with cultures of E194: 
and 12 pots, as controls, in which only the sterile oat- wheat mixture was 


TABLE 10 . — Results of soil inoculations with different amounts of inoculum of iso- 
late E194 showing 'percentage emergence of leans 
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Pour days after 
soil iiioeulatiou 


At time of 
soil inoeulatiou 


a Based ou 5 replications of 20 seeds each. 
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added to the soil. Fifteen bean seeds were planted in each pot and 4 days 
later the seeds were removed from 1 pot of inoculated soil and 1 pot of 
control soil. In the control soil the 15 seeds had germinated while in the 
inoculated pot 4 seeds had germinated. The seed coats from the inoculated 
soil were covered and penetrated by the mycelium of the fungus and the 
radicles were attacked where they emerged from the cotyledons (Fig. 4). 
Two days later another inoculated and another control pot were examined. 
All 15 seeds had germinated in the control, and 10 in the inoculated soil. 
Only a slight elongation of the hypocotyl, however, had taken place in plants 
from the inoculated soil. Bach hypocotyl was infected at the point of 
emergence from the seed and the plumular leaves were dark brown. 
Ehizoctonia mycelium occurred in the plumules. Eight and 10 days after 
planting, inoculated and control pots were again examined and the seedlings 
were similar to those previously examined . In the 6 inoculated pots remain- 
ing, 26 days after planting, no seedlings had emerged, while 82 healthy 
plants were in the 6 control pots. 

DISCUSSION AND SUMMARY 

Bkizoctonia solani can cause damping-off and stem rot of beans under a 
rather wide range of temperature and soil moisture content. The isolates 
studied comprise a number of strains differing in cultural characters and 
rate of growth at different temperatures. 

When beans were used as the test host, 4 rather clear-cut groups of 
isolates were distinguished on the basis of pathogenicity: (1) isolates from 
sugar cane and from sclerotia found on Irish potato tubers, which were not 
pathogenic on beans j (2) isolates from peas, which caused only a very slight 
amount of damping-off and only a moderate stem infection; (3) the isolate 
from rice, which almost completely prevented emergence but caused less 
severe stem lesions than the pea isolates; (4) isolates from bean, tomato, 
eggplant, and sugar beet, which were capable of reducing stands somewhat 
and caused very severe lesions on stems. The isolates in groups (2) and 
(4) could be further subdivided when cowpeas, English peas, soybeans, and 
broadbeans were added as differential hosts. 

The nonpathogenicity of the sugar-cane and potato isolates is of interest 
and may be of possible importance when considering the rotation system 
in the alluvial sections of Louisiana. These hosts are important economic 
crops in some of these areas. 

Department of Plant Pathology, 

Louisiana Agricultural Experiment Station, 

Baton Eouge, Louisiana. 
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SAPSTEEAK, A NEW KILLING DISEASE OP SUGAR MAPLE 

George H. Heptingi 
(Accepted for publication July 31, 1944) 

INTRODUCTION 

In the fall of 1939, attention was called to an nnnsnally heavy mortality 
among large sugar maples (Acer sacchartim Marsh.) in the Big Ivy section 
of the Pisgah National Forest, near Barnardsville, N. C. Local residents 
reported this dying to have been taking place since about 1935. The Big Ivy 
working circle of the forest supports, in part, a stand of old-growth northern 
hardwoods, including about 4 million board feet of virgin sugar maple of 
very high quality. In the mountains of North Carolina, as a whole, the 
Forest Survey of the U. S. Forest Service estimates that there are approxi- 
mately 54 million board feet of sugar-maple sawtimher. 

Surveys by Mr. A. H. Maxwell, then with the Pisgah National Forest, 
and the author, indicated that the new disease, sapstreak, was restricted to a 
few neighboring creek drainages. About 60 trees were dead or dying along 
Corner Rock Creek, and about a dozen more were scattered in the other 
drainages. As of 1943, the disease seems to be confined to the area delimited 
by these drainages, although sugar maple occurs abundantly over wide areas 
contiguous to the affected areas. 

SYMPTOMS 

Ordinarily 3 or 4 years elapse between the first crown symptoms and 
death of a tree from sapstreak. In occasional cases, affected trees died sud- 
denly when in full leaf. Although the development of the disease has not 
been followed in detail, certain of its characteristics are obvious and out- 
standing. The first external symptom is usually a dwarfing of the foliage 
to about half normal leaf size, causing the crowns to look thin. A slight 
chlorosis usually accompanies this dwarfing. The next year the upper part 
of the crown starts to die (Figs. 1, A, and 2, A), and within another year or 
tw^o the entire tree may die. One large tree was dead within a year of the 
time the first thinning of the foliage was noted, while other trees have been 
known to remain alive 4 years after first showing symptoms. 

The trunk wood becomes watersoaked in wide radial streaks from the 
inner sapwood into the outer sapwood, sometimes to the cambium, looking 
much like figure 1, C, of the paper by Davidson and Campbell (3) on a gall 
of sugar maple. This -watersoaking approaches nearest the cambium in the 
lower part of the trunk. There are often green streaks at the margins of the 
watersoaked areas, and in the middle of the watersoaked fingers^’ are 
always narrow streaks, reddish or gray when the wood is moist and gray 

1 Tatbologist, Division of Forest Pathology, Bureau of Plant Industry, Soils, and 
Agricultural Engineering, U. S. Department of Agriculture, in cooperation with the Appa- 
lachian Forest Experiment Station, U. S. Forest Service, Asheville, N. G. The author 
wishes to acknowledge the assistance of E. Richard Toole and Elmer R. Roth of the Divi- 
sion of Forest Pathology, in parts of this work. 

1069 





Phytopathology 


when it is dry. The watersoaking and the gray streaks in the trunk always 
accompany decline of the crowns. Whereyer the watersoaking reaches the 
cambium, this tissue is killed at the points of contact. In the few cases in 
which entire trees were cut into sections for examination, the watersoaking 
had developed from the base of the tree upward, and disappeared at a height 
of 20 to 40 feet. 

Sapstreak has not been found in trees under 8 inches in diameter, at 
breast height, and no intermixed red maples {Acer ruhrum L.) have been 
found affected. The roots of one large dying sugar maple were excavated. 
Portions of the root system were dead, as was to be expected in trees of great 


^ Fig. 1. A. ISTaturally infected sugar maple showing dying of the upper crown, a 
typical early external symptom of the sapstreak disease. B. Section from a naturally 
infected trunk 37 feet above ground, showing the discoloration by JEndoconidiopfiora 
virescens, 

age. Gray streaks and watersoaked areas were abundant in some of the 
larger roots, and seemed to have developed where large roots had died. 
Rhizomorphs and mycelial fans of Armillaria mellea were abundant on the 
dead roots, a condition common to the roots of many hardwoods of advanced 
age in this region. A Xylaria was also associated with some of the dead 
roots, and TJstuUna vulgaris was causing some of the decay in dead roots. 


ISOLATIONS 

About 200 isolations, on both malt and Bacto-peptone agars, have been 
made from various tissues. Only one organism, Endoconidiophora virescens 
Davidson, has been consistently isolated from the discolored wood of the 
trunk. E\ virescens had been included under E. coerulescens until David- 
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son, in a recent paper (2), recognized and described tMs American fungus 
as distinct from the European E. coerulescens. The maple sapstreak fungus 
was identified both by R. W. Davidson and C, T. Rumbold, and has been 
previously reported only as a cause of blue-stain in hardwood logs and 
lumber, and occasionally behind injuries in both hardwoods and softwoods. 

Cultures prepared from the watersoaked or green-streaked tissue sur- 
rounding the reddish or grayish radial streaks generally yielded either no 
organisms or occasional bacteria of different kinds. Almost invariably, 
however, when the implanted tissue included a bit of a gray or reddish 
streak, the culture yielded E. virescens. This indicates that we may regard 
the watersoaking and green streaks as host responses to the presence of the 
fungus in certain adjacent elements. 

E. virescens has been consistently isolated from the internal streaks in a 
large number of diseased trees. In one tree the highest sapwood discolora- 
tion, at a height of 40 feet, occupied less than half the circumference of the 
sapwood and the inner bark was alive ; and the fungus was isolated. The 
discoloration and watersoaking in the first 10 feet of the trunk involved the 
entire circumference of the outer sapwood, and all of the inner bark to this 
height was dead and brittle. The foliage of the tree had died a few months 
previously. Figure 1, B, shows a section taken at a height of 37 feet that 
was set face down on the laboratory floor for 4 days to bring out the infection 
pattern of the fungus. The internal nature of the infection can plainly be 
seen since a band of uninvaded normal sapwood separates the stained por- 
tions from the cambium almost all the way around. 

The pH of sugar maple wood is normally in the vicinity of 5.5. Freshly 
cut wood in the watersoaked areas, had a pH of 8.5 or above, as determined 
by the Hellige Triplex indicator applied directly to the wood. 

INOCULATIONS 

Since E. virescens was generally associated with the trunk symptoms, 
inoculations were made in the stems and roots of sugar maples, using single- 
spore cultures of this fungus. The trees inoculated in April, 1940, ranged 
from 17 to 34 inches in diameter at breast height, and were in the locality 
where other trees had been diseased, although no trees had died of sapstreak 
on the small tract selected. 

The fungus was grown on rye and introduced into trees by the following 
methods: (1) in 3 bore holes about 3 inches deep made with a f-inch auger, 
arranged more or less equidistant, around a tree at breast height, (2) in 1 
bore hole in each of 2 roots near the base of a tree, (3) in a pocket about 
6x6 inches gouged out of the stem at breast height, holding the inoculum 
in the pocket by a large rubber patch, (4) in similar pockets gouged out of 
2 roots. Three trees were inoculated by each method, and, using sterile rye, 
one check tree was prepared for each method. 

Table 1 gives the results of these inoculations, and figure 2 shows two of 
the inoculated trees 3 years after inoculation. 
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TABLE 1 . — Besiilts of inoculation of sugar maple with Endoconidiophora virescens 


After 3 years 


After 2 years 


Inoculation 

method 


Total 

trees 


Total 


Nor- Dis- 
mal eased 


Dis- 

eased 


feeted 


Stem 

Bore holes .. 

Poultices 

Cheeks ........... 

Boot 

Bore holes .. 

Poultices 

Checks .......... 

All inoculated 
Ail checks 


Both, stem and root inocnlationSj nsing either the bore-hole or poultice 
method, resulted in extensive infection in one or more trees. At the end of 
3 years, of 12 trees inoculated, 2 were dead, and 4 others were obviously dis- 
eased, Figure 2, A, shows a tree inoculated by means of a stem poultice. 
Its crown has become very thin, at the end of the third year, and the tree will 
doubtless die within a year. Figure 2, B, shows a tree that was inoculated 


Fig. 2. A. An 18-inch sugar maple inoculated hy stem poultice 3 years before this 
photograph was taken. The crown is still alive but has thinned considerably. B. A 
20-inch tree inoculated through three auger holes 3 years earlier. This tree was a perfect 
specimen when inoculated and was dead 3 years later. 
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throngli three bore boles. It was a vigorous tree when inoculated, bad 
dwarfed foliage after 2 years, and was dead at tbe end of 3 years. Figure 
3, A, shows tbe streaking that developed from one of tbe bore boles in the 
tree shown in figure 2, B, by the end of tbe second year, while the tree was 
still alive. 

None of tbe check trees, representing all types of inoculation, but receiv- 
ing sterile rye as inoculum, have become diseased, nor have any of the many 
untreated sugar maples among tbe treated trees on this tract become diseased. 

Endoconidiophora virescens has been reisolated from the streaks in the 
three inoculated trees cut into for this purpose. The results of the inocula- 
tions have been striking enough to warrant careful study of the disease, 
including inoculation experiments with small saplings, in which the develop- 
ment of the pathogen can be more readily followed. 


Pig. 3. A. Extensive streaking of tke sapwood of the tree shown in figure 2, B, two 
years after inoculation. The inoculation hole is in the center of the picture. B. Large 
hypha of Endoconidiophora virescens in a vessel, hearing a lyre joint. 0. Mass of hyphae 
in vessels, one of which bears a lyre joint. 

From the manner in which the gray streaks radiate outward, it appears 
as though the fungus establishes itself in the inner sapwood of the trunk, 
possibly coming up from dead roots, and works outward. Death of the sur- 
rounding ray and wood parenchyma cells by toxin production or breakdown 
of conduction by invaded elements may cause the watersoaking, and the 
occasional green streaks seem to be a host reaction common in living maple 
wood induced by the presence of certain organisms. Green streaks also occur 
with the maple wilt Terticillmm, and have been found in other cases of 
organic irritation of maple sapwood (3) . 


THE CAUSAL FUNGUS . 

Endoconidiophora virescens /woL^eT the name E. coerulescensyhm been 
reported as one of the most prevalent fungi causing sap stain in hardwood 
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logs and lumber in the United States (1, 2, 5, 6), occurring also occasionally 
on pine. That a fungus with such a habitat should also be able to develop 
luxuriantly in the living sapwood of a vigorous sugar maple, spreading 
rapidly through this tissue and killing the tree, is most unusual. Lagerberg, 
Lundberg, and Melin (4) describe spread of the closely related E. ooeru- 
lescens from blazes made on living spruces, to over 10 feet longitudinally and 
1.3 inches in depth, in 20 months. Even in these cases, however, there was 
no general spread through the sapwood, such as takes place with E. virescens 
in sugar maple. Some members of the closely allied genus Ceratostomella 
are active parasites, such as G, ulmi and the fungus that causes the canker- 
stain disease of the plane tree (7). Neither of these fungi, however, gen- 
erally occur as sap-stainers of logs and lumber. Culturally the fungus 
causing sapstreak of sugar maple agrees closely in color, odor, and morphol- 
ogy, with E, virescens isolated from stained yellow-poplar logs and lumber. 

TABLE 2. — Comparison of isolates of JEndoconidiopliora mrescens after 14 days 
in Petri plates of malt agar 


Characteristic 

Isolate numhera 

1 

2 

3 

4 

Sweet, musty odor 

Perithecia 

Sphaeroid endoconidia 

Rod-shaped endoconidia 

Growth rate^ 

Strong 

Rudiments 

Abundant 

Abundant 

Rapid 

Mild 

None 

None 

Mod. abundant 
Slow 

Strong 

Abundant 

Abundant 

Abundant 

Rapid 

Strong 

Few 

Abundant 

Abundant 

Moderate 


a Culture 1 — ^From sap staiu in yellow poplar log. 

' ^ 2 — From inoculated sugar maple. Deteriorated culture. 

(( 3 — From surface lumber stain, yellow poplar. Fresh isolate. 

^ ^ 4 — ^From naturally diseased sugar maple. Fresh culture, 

b Slow — Colony 9 centimeters in diameter after 7 days at room temperature. 

Moderate — 6 a t( a 

Eapid — << 4 

Both fungi are highly variable in culture, especially old cultures. A culture 
of the sugar-maple sapstreak fungus isolated from an inoculated tree grew 
profusely in culture when first isolated, had a strong, sweetish, musty odor, 
and sporulated abundantly. After a year in the refrigerator, fresh agar 
plantings grew much slower, had less odor, and sporulated much less. 
Davidson (2) mentions variability and sectoring in E. virescens. Table 2 
compares four isolates, two from diseased sugar maple and two from yellow 
poplar sap-stained after felling. 

The cultures listed in table 2 have been used in new inoculations to deter- 
mine whether isolates from sap-stained lumber will cause the sapstreak 
disease. The determination of the potentialities and means of control of 
sapstreak will depend to a large extent on whether or not the lumber-stain 
and sugar-maple sapstreak fungi are identical physiologically. 

The hyphae of jEJ. virescens generally confined to the vessels, and in 
this way differ sharply from the conifer sap-stain Ceratostomellae that nor- 
mally live in the rays. Hyphae of the sapstreak fungus are brown and 
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develop copiously in tlie vessels and rarely in the rays. The larger hyphae 
branch peculiarly at some of the septa, often producing a structure in the 
shape of a lyre, for which the name ''lyre joint’' is proposed (Fig. 3, B 
and C). Lyre joints form only at a septum. One side branch or two oppo- 
site side branches may form. These branches are usually short, and come 
to a tapering point. Sometimes they grow long and may branch farther. 
Bach side branch bears a septum just above the point of anastomosis with 
the main hypha. The two opposite branches bending inward toward the 
main hypha just beyond the point of anastomosis give them a lyre-like 
appearance, but sometimes they are not incurved. Lyre joints have been 
found abundantly both in diseased maple wood and in sap-stained yellow- 
poplar lumber. A search for similar structures in wood stained by other 
fungi is being conducted. Lagerberg, Lundberg, and Melin (4) do not men- 
tion the occurrence of lyre joints in their description of the closely allied 
E. coerulescenSy nor have they been reported for other fungi. 


significance op the disease 


A close watch is being kept on the development of the disease in the 
affected area. Notes were taken in 1941 on the condition of 6 trees, along 
the truck trail through the area, that showed slight evidence of crown 
thinning. In 1943, two of these were dead, the others had become much 
worse, and some new cases could be seen from the road. 

A 13-acre plot containing 78 large sugar maples, two of which were dis- 
eased, w^as established in the affected area in 1941. In 1943, the two diseased 
trees were dead, and one additional tree had crown symptoms. 

Any disease that works so rapidly that a 20-inch tree can be killed in 
3 years by inoculations in three small holes in the trunk, must be considered 
potentially dangerous. A large volume of valuable sawtimber in the Big 
Ivy section is already diseased. It remains to be seen whether or not the 
disease is increasing in amount from year to year in the affected area, and 
if it is spreading to other areas. The Forest Service is harvesting the dis- 
eased timber now before it dies and every effort is being made to salvage as 
much of this material as possible. 


SUMMARY 


A disease of sugar maple, for which the name "sapstreak” is proposed, 
has been killing large numbers of trees in a part of the Pisgah National 
Forest, near Asheville, N. C. 

Healthy sap wood of vigorous trees is invaded by a strain of the fungus 
Endoconidiophora virescens, which produces gray to reddish radial streaks 
and watersoaked areas in the wood. The foliage becomes progressively 
smaller and paler green each year, and death usually occurs within, 2 to 4 
years from the first evidence of crown-thinning. 

Inoculation of 12 large trees with E, virescens resulted in 2 dying and 
4 becoming heavily diseased, in 3 years. 
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The causal fungus is morphologically indistinguishable from the common 
sapstain fungus on hardwood lumber, earlier referred to E. coerulescens, and 
recently renamed E. virescens. 

Division op Forest Pathology, 

Ashevh-lb, North Carolina. 


literature cited 

1. Davidson E. W. Fungi causing stain in logs and lumber in the southern states, 
^ ineluduig five new species. Jour. Agr. Ees. [U.S.] 50 ; 789-807. 1935 

“■ 7; liardwood species of Endoconidiophora described as 

new. Myeologia 36 : 300 - 306 . 1944 . uosciiueu as 

path. 34:T3^253^' a gall of sugar maple. Phyto- 

Laoerbeeo, t; G. Lundbeeg, and E. Melin.' Biological and practical researches into 


i-hc aim praeucai researches into 

272 5T1-I39 ^^192^^ Svenska Skogsvardsforeningens Tidskr. 25: 145- 

Verbal A. F. Eelative importance and seasonal prevalence of wood-stainine funsi 
in the southern states. Phytopath. 29: 1031-1051. 1939 ^ ^ 

' 711.8.] J®™- Agr. Ees. 

WALTER, J. M., P. V Mook, and C. May. Serious disease threatens the svcamore or 
plane tree. Arborists News 5: 49-55. 1940. caucus me sycamoie or 





MACROPHOMINA ROOT AND STEM ROT AND ANTHRACNOSE 
OF CHAMABCRISTA^ 


J.L.Weimer 

(Accepted for publication August 17, 1944) 

Ghamaeorista procumlens (L.) Greene and G. fascmclata (Miclix.) 
Greene, commonly known as partridge pea or sensitive pea, are low, woody 
annuals that grow wild along highways and in waste places in many parts 
of southeastern United States. Since they are able to survive such adverse 
conditions, these plants have been studied by scientists of the Soil Conserva- 
tion Seiwice, United States Department of Agriculture, to determine their 
usefulness in preventing soil erosion. Investigators have found that con- 
siderable numbers of plants in Soil Conservation Nurseries and elsewhere 
are killed by diseases. The present investigations have determined 2 causes 
of the death of these plants. 

In September, 1941, the writer visited the Soil Conservation Nursery at 
Thorsby, Alabama, to inspect dying plants of Ghamaecrista. Large plants 
of both species were being killed: Ghamaecrista procumlens was affected by 
a root rot, the cause of which was not immediately evident, whereas G, 
fasciculata was dying from injury to the stem near the surface of the soil 
produced by the larva of a snout weevil.^ This insect injury was later found 
to be prevalent in plants growing along highways in Georgia. 

A survey for diseases that might limit the usefulness of the partridge pea 
in a soil-erosion program has revealed the existence of an anthracnose that is 
potentially capable of destroying or damaging many plants. The root rot 
and the anthracnose have been studied and the results obtained are reported 
in this paper. 

ROOT ROT 

Symptomatology 

A fairly high percentage of plants of Ghamaecrista procumlens growing 
in rows in the nursery at Thorsby were dead or dying. The tops of some of 
the plants were somewhat wilted, others were brown and dead. The plants 
appeared to have been affected over a considerable period of their life cycle, 
since there were var 3 dng degrees of stunting, the upper nodes often were 
shortened somewhat, and the leaflets were small, giving the ends of many 
branches a rosetted appearance and suggesting the presence of a virus 
(Pig. 1) . The roots had a dark-brown rot and some were badly disinte- 
grated. There was no fungus fruiting on the surface and no other clue to 
the cause of the disease was observed at the time. 

1 Cooperative investigations between the Division of Forage Crops and, Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agrieultural Eesearcb 
Administration, Dnited States Department of Agriculture, and the Georgia Agricultural 
Experiment Station. Paper number 127, Journal Series, Georgia Agrieultural Experiment 
Station. 

2 Determined as Contrachelus caroUnensis Sehoof by H. F. Schoof, Raleigh, North 
Carolina. 
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Isolation of the Pathogen 

A number of diseased plants with different types of symptoms were taken 
to the laboratory and several isolations were made from the roots, stems, and 
twigs. Some plants were placed in a can of water and held at room tempera- 
ture for about 3 weeks for further observation. 


Pig. 1. Plants of Chamaeerista procumhens attacked by Maerophomna phaseolL 
Haturally infected plants from Thorsby, Alabama, with tops greatly stunted and tap and 
fibrous roots badly decayed. x§. 


A sclerotinm-produeing fungus was isolated from 5 of 9 twigs, from 4 of 
6 stems, and from 2 of 6 roots. Other fungi were isolated, some of which 
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failed to fruit and were not identified, and on some plates only As'pergillus 
sp. appeared. 

After the plants had been held with their roots in water for a week or 
longer, many large pycnidia appeared on their stems, usually on the 2-| 
inches between the top of the water and the top of the container. These 
pycnidia contained rather large, ovoid, hyaline, unicellular spores. 

The fungus was in the tissue of practically all diseased plants and readily 
produced sclerotia and pycnidia on host tissue and formed selerotia in cul- 
ture. It was identified as Macrophomina phaseoU (Maub.) Ashby and was 
the cause of root rot and death of the plants. 

The fungus from Chamaecrista w^as compared with isolates from other 
hosts but no consistent difference was found. A culture from Chamaecrista 
wms used by K. H. Garren in his studies on ashy stem blight of beans (1). 
He found that it attacked beans, and formed the typical pycnidia and spores 
of Macrophomma on the dead bean tissue, thus leaving no doubt of the 
identity of the organism. 

Pathogenicity of Macrophomina 

To determine the pathogenicity of this fungus on Chamaecrista pro- 
cumlensy several inoculation experiments were conducted, the seed being 
supplied by the Soil Conservation Service at Thorsby, Alabama. Seed were 
immersed for 20 minutes in concentrated, commercial sulphuric acid and 
then washed in running water for one hour. This treatment served to 
scarify the seeds and to disinfect their surfaces. The soil, in 6-inch pots, was 
autoclaved for 3 hours at 25 pounds’ pressure, and then held in the green- 
house. After an inch or so of the top soil had been removed from each pot, 
about 25 seeds were placed on the surface and then covered thinly with part 
of the soil that had been removed. About 2 tablespoons of inoculum, con- 
sisting of sterilized oats on which the fungus was growing, was next placed 
over the surface of the soil in each pot and the remainder of the soil added. 
Controls were prepared in the same manner except that sterile oats were used 
instead of inoculum. The seeds were planted and inoculum was added Nov. 
26, 1941, and the final notes were taken Feb. 17, 1942. 

Only half as many seedlings appeared in the inoculated as in the control 
pots because of preemergence decay. The control plants remained healthy, 
grew to maturity, and set some seed. Some of the seedlings in the inoculated 
pots were dwarfed very early ; others died and pycnidia were formed on the 
stems just above the soil. Many had very scant fibrous root systems and 
were dwarfed but lived to maturity. A few plants had pycnidia on the 
stems when the experiment was discontinued. Isolations were made from 
several plants and the roots of the remainder were placed in water. The 
fungus was recovered from each plant from which isolations were made and 
pycnidia were formed along the base of the stems of the plants placed in 
water. Hence, all plants in the infested soil contained the fungus. Isola- 
tions were made from a number of seeds produced on diseased plants, but the 
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Fig. 2. Seedlings grown in the greenhouse in artificially infested soil. Plant at the 
left is nearly normal size and has only a slight superficial canker on the hypocotyl near the 
surface of the soil. The second plant from the left has a slightly deeper lesion at about 
the same place. The third, fourth, and fifth plants have their hypocotyls almost entirely 
involved and nearly severed. The hypocotyl of the plant at the extreme right was decayed 
*early and the seedling remained dwarfed, x 

as plants were 2 to 3 inches tall, however, they seemed to become resistant 
to this seedling decay and generally reached maturity. Some plantp affected 
in the seedling sfage, but not killed, grew to maturity, whereas the others 
died before maturity. When the plants approached maturity and had be- 
come greatly weakened or had died, many pycnidia appeared on the stems, 
usually at the base first but often higher, even on the branches. This raised 
the question as to whether these plants had not become infected until they 
were nearly dead, or had been infected in the early stages of growth but had 
not been injured appreciably. 


fungus was never recovered. It is possible, however, that the seed coats were 
so hard that the fungus could not grow through them. 

On July 7, 1942, another experiment was set up in the same manner, 
except that the fungus used was a reisolate from the previous experiment. 
In this test there was considerable preemergence decay. Some seedlings 
died soon after emerging and others grew to be an inch or two tall before 
they succumbed. Infection seemed to take place at almost any point on the 
hypocotyl (Pig. 2), the cotyledons, the plumule, or the young roots. As soon 
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In the hope of obtaining some information on this point, isolations were 
made from a number of plants that had passed the seedling stage, some being 
as tall as 12 inches but with little or no evidence of infection, to determine 
if they were invaded but not injured by the fungus. Some plants selected 
for this test wilted slightly at times, others were somewhat dwarfed, and still 
others appeared to be healthy. The plants were disinfected with calcium 
hypochlorite or alcohol and mercuric chloride, 1-1000, and i-inch segments 
were planted on agar in plates. Segments were numbered from the root 
upwards so that it could be determined how far up the stem the fungus had 
grown. Sometimes alternate segments were planted. In one experiment 
10 plants were used and the fungus was recovered from all, being isolated 
from the roots of 4 plants and from the stem just above the ground of the 
other 6. In another experiment the fungus was recovered from 4 of 6 plants. 
It was isolated from the roots of 3 and from the stem of the fourth plant 
about 2 inches above ground. In a third experiment the fungxis was recov- 
ered from the root or crown tissue of 9 of 15 plants. It was obtained from 
the first above-ground segment as well as from the roots of 6 plants and 
from all the segments up to 3 inches above ground of one plant. 

Forty-two plants growing in infested soil in one experiment grew to 
maturity and after dying they were examined for the presence of the fungus. 
Pycnidia were found on the stems of 36 plants and sclerotia were present 
under the epidermis of the other 6. 

ANTHRAGNOSE 

In the autumn of 1942, plants of Chamaecrista procuonlens gvowing 
under very dry conditions on uncultivated ground at Experiment, Georgia, 
were attacked by a fungus that killed the ends of the branches for a distance 
of 2 to 4 inches. The ends of affected twigs, with the brown dead leaves still 
attached, had fallen over to form a Shepherd’s crook near the junction of 
the dead and live tissue (Fig. 3, A). 

Isolation of the Pathogen 

Some of the dead stems were held in a moist chamber for 48 hours at 
which time many salmon-colored spore masses were present on the dead 
tissue. By touching a sterile needle to the mass of spores and transferring 
those that adhered to it to a tube of sterile water and then plating loops of 
this spore suspension, it was possible to get a pure culture of the fungus. 

Cultural and microscopic studies of the fungus isolated from the diseased 
plants have shown no consistent morphological difference between this patho- 
gen and the conidial stage of Glomerella cingulata (Sfon.) Spauld. and 
Schrenk from apple. Fifty spores from culture measured 4.5-6 x 10-17 p 
(Av. 5.2 X 13.9 p) which is close to the spore measurements given by Shear 
and Wood (5) . An attempt to infect apple with the fungus obtained from 
Chamaecrista failed. Apples inoculated with the fungus isolated from apple 
were decayed. Nevertheless, in the absence of any morphological difference 
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Pig. 3. Plants of Chamaecrista procu'm'bens attacked by Glomerella cingulata. A. 
Naturally infected twig. Petiole and adjacent stem were killed and tlie weight of the leaf 
has bent the weakened stem into a shepherd ^s crook, x 1^. B. Control plant at the left. 
The other plants show varying degrees of injury to the stem above the cotyledons. The 
leaves of the affected plants have collapsed. The two plants at the right have more exten- 
sive injury and the stems below the cotyledons have become involved, the cotyledons have 
shriveled, and in ease of the plant at the extreme right, have fallen. Photographed 5 days 
after inoculation, xli-. 0. Two pots of older plants, controls at the left and at the 
right infected plants with collapsed terminal shoots. Photographed 6 days after inocu- 
lation. X 

sufficient to differentiate it from the strain of (?. cingtcMa imm apple, this 
fungus from Chamaecrista is considered to be a strain of that species. 
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Patliogenicity of Glomerella Isolates 

In the first inoenlatioii experiment 4 pots of seedlings about 2 inches tall 
growing in sterilized soil in the greenhouse were used. The seed had been 
scarified and sterilized with sulphuric acid. A heavy suspension of spores 
was made by adding sterile water to an oat-agar slant on which the fungus 
was sporulating abundantly. Two pots of plants were atomized with the 
spore suspension and then placed in a moist chamber with 2 other pots atom- 
ized with sterile water as controls. The inoculations were made Nov. 11, 
1942, and the pots w^ere left in the moist chamber for 48 hours. There was 
no evidence of infection at the end of 48 hours, but in 96 hours the inoculated 
plants showed distinct injury. The petioles were dying and the leaflets wilt- 
ing. In another day many of the leaflets w^ere dry, the petioles were dead, 
and some of the cotyledons and stems were decidedly injured. All 15 plants 
inoculated were diseased, some being entirely dead above ground, others 
having their leaflets and cotyledons killed but the stem below the cotyledons 
still alive, and still others having the stem and cotyledons alive but the peti- 
oles and leaflets dead. The petioles usually were killed first and the fungus 
grew from these into the stem which sometimes was killed back only a short 
distance and at other times to the ground or lower. In general, the coty- 
ledons remained free of infection, but often died as a result of the death of 
the stem. The appearance of some of the plants 5 days after being inocu- 
lated is illustrated (Pig. 3, B). On Nov. 17, 1942, 6 days after the inocula- 
tions, all seedlings in one pot and 9 in the other were dead. Of the 6 remain- 
ing plants in the second pot, all parts above the cotyledons were dead. All 
control plants remained healthy. The fungus was readily recovered from 
the dead seedlings. One week after the inoculations, 5 inoculated plants, 
whose stems had not been killed down as far as the cotyledons, were still 
alive. These plants were forming new buds and stems in the axils of the 
cotyledons. The plants were considerably retarded, however, and never 
grew as rapidly as the controls. It seems probable that had the pots been 
held in the moist chamber another 24 hours none of the plants would have 
survived. 

This experiment shows that under high humidity seedlings of Ghamae- 
crista procumhens are very susceptible to Glomerella cingulata. A reisolate 
of the fungus was used in other experiments and it also was very pathogenic 
to seedlings. 

Having demonstrated that seedlings are very susceptible, older plants 
w^ere inoculated to test their susceptibility. In one experiment 3 pots of 
plants 4 to 5 inches tall were used, the plants in 2 of the pots being inocu- 
lated Nov. 24, 1942, and those in the third being held as controls. Pour days 
later all the inoculated plants showed some injury. The petioles were killed 
just as in seedlings. The stems at the base of the leaf stalks were injured 
in some cases and the fungus was fruiting abundantly on the dead petioles 
and stems. A large proportion of the leaflets on plants with 2 leaves were 
dead, but when there were 3 or more leaves those below the second were still 
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alive. The controls had 4 to 7 leaves at this time and all were healthy (Fig. 
3, C). The fungus seemed to make little further progress and since it was 
thought that this might be due to the dry atmosphere of the greenhouse, one 
pot of plants was returned to the moist chamber for 24 hours. No apprecia- 
ble change took place. On Dec. 9, 1942, one pot had 10 plants with the tops 
nearly dead; 5 of the plants each had one leaf alive and only the cotyledons 
remained on the other 5. These plants were so weakened that even though 
they did not die they always remained greatly stunted. In one instance a 
new shoot was being formed in the axil of a cotyledon. 

Thus, severe injury and often death may result from the disease, even 
when plants 4 to 5 inches tall are attacked. In another experiment, still 
older plants were used. These plants were green but vegetative growth had 
ceased and nearly mature pods were present. No infection was obtained. 
The results of this experiment confirm previous observations that only 
actively growing tissue is susceptible, at least under the conditions under 
which the disease has been studied. 

Seedlings of CJiamaecrista fasciculata were inoculated at the same time 
with the same inoculum and were held in the same moist chamber as the 
mature plants just discussed. Abundant infection was obtained. This 
demonstrated that the inoculum and the environmental conditions were suit- 
able for infection and also that C. fasciculata probably is as susceptible to 
this fungus as is C. procumbens. 

DISCUSSION 

Chamaecrista procumhenSy especially in the seedling stage, is very sus- 
ceptible to Macrophomina phaseoU, just as are many other legumes as well 
as a wide variety of non-leguminous plants (2, 3, 4) . Plants infected in the 
seedling stage, but not killed, may die later or may grow to maturity. In 
some experiments the plants appeared to become resistant to infection when 
they were 3 to 4 inches tall. However, these experiments were in the green- 
house with plants growing in pots that dried out at times. This deficiency 
of water at irregular intervals may have resulted in a more rapid hardening 
of the stems, thus slowing down or preventing infection, than would have 
existed in plants of the same age under field conditions. Possibly the drying 
may affect the pathogenicity of the fungus as well as the resistance of the 
host. It is known that the pathogenicity of the fungus on the same host is 
quite variable in different localities. For example, Garren (1) pointed out 
that in 1941 at Experiment, Georgia, ashy stem blight and southern blight 
together accounted for less than 5 per cent of the recorded dead bean plants, 
whereas at Tifton, Georgia, ashy stem blight alone was responsible for 60 per 
cent of the dead plants. Investigators working on this disease of beans at 
the Georgia Agricultural Experiment Station have informed the writer that 
ashy stem blight is always much more destructive at Tifton than at Experi- 
ment. The precise cause of the variation in destructiveness of this parasite 
is unknown, but it is thought to be some environmental factor, probably tern- 
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perature or moisture, or both (2, 4, 6). It is quite possible that the Macro- 
phomina root rot of Chamaecrista procumbens may be much more severe in. 
the field at Thorsby, Alabama, or . elsewhere, than in the greenhouse at 
Experiment. This appeared to be the ease. 

An anthracnose caused by Glomerella cingtilata was found damaging the 
terminal shoots of Chamaecrista procumbens. Experiments proved that this 
fungus is very pathogenic on seedlings and on vigorously growing parts of 
older plants under conditions suitable for infection. 

It seems probable, therefore, that either anthracnose or root rot, or both, 
may cause considerable loss of young plants of Chamaecrista procumbens 
under environmental conditions suitable for the rapid spread and develop- 
ment of the fungi, conditions such as often exist during prolonged wet 
periods accompanied by high temperatures in late spring or early summer. 
Considerable damage may be caused by the anthracnose fungus to C. fascicu- 
lata also, 

SUMMARY 

Two diseases of Chamaecrista have been described, a root rot and an 
anthracnose caused by Macrophomina phaseoli and Glomerella cingulata^ 
respectively. So far as known, the former fungus attacks C. procumbens 
only, but the latter is destructive both to this species and to C. fasciculata. 
The root-rot fungus was more pathogenic on young plants under the experi- 
mental conditions, but observations indicated that older plants can be killed. 
The anthracnose fungus can kill seedlings in a few days ; only the actively 
growing ends of the branches of older plants are susceptible, and mature 
plants are highly resistant. 

Division of Forage Crops and Diseases, 

U. S. Department op Agriculture, 

Experiment, Georgia. 
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